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(57) Abstract 

The invention features nucleic acid molecules with novel combinations of chemical modifications which are able to modulate gene 
expression. 
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DESCRIPTION 

Nucleic Acid Molecules With Novel Chemical 
Compositions Capable Of Modulating Gene Expression 

This patent application relates to the patent application entitled, "NUCLEIC ACED 
5 MOLECULES WITH NOVEL CHEMICAL COMPOSITIONS CAPABLE OF 
MODULATING GENE EXPRESSION", U.S.S.N. 60/082,404, which was filed with the 
U.S. patent and trademark office on April 20, 1998. The earlier patent application listed 
Thompson et al. as inventors. 

Background Of The Invention 

10 This invention relates to novel chemically modified nucleic acid molecules that are 

capable of modulating gene expression through a variety of mechanisms. Specifically, the 
invention concerns novel combinations of chemical modifications in an oligonucleotide 
which enhance nuclease resistance, binding affinity, and/ or potency. 

The following is a discussion of relevant art, none of which is admitted to be prior 

15 art to the present invention. 

Since the discovery of the mechanisms underlying gene expression, specifically 
nucleic acid based transcription and translation, a great deal of effort has been placed on 
blocking or altering these processes for a variety of purposes, such as understanding 
biology, gene function, disease processes, and identifying novel therapeutic targets. 

20 Approaches involving nucleic acid molecules for modulating gene expression have gained 
popularity in recent years. For example, nucleic acid molecules have been designed which 
are capable of binding to specific mRNA sequences by Watson-Crick base pairing 
interaction and blocking translation (Crooke, 1996, Medicinal Res. Rev. 16, 319-344). 
Another approach involves complexation of DNA with triplex forming oligonucleotides to 

25 prevent transcription of bound DNA sequences thereby inhibiting gene expression (Kim et 
al, 1998, Biochemistry, 37, 2299-2304). The interaction of antisense oligonucleotides, 2- 
5A antisense chimera, or ribozymes with target RNA have been used to prevent gene 
expression. All of these nucleic acid molecules are highly specific to their matching target 
sequences and therefore may offer lower toxicity compared to traditional approaches such 

30 as chemotherapy. 

The use of oligonucleotides for modulation of gene expression generally requires 
stabilization of oligonucleotides from degradation by nucleases that are present in 
biological systems. Cellular efficacy may be effected if the nucleic acid molecule is 
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degraded before it reaches its desired target. Chemical modifications of nucleic acid 
molecules have been found to be advantageous in making them inaccessible to 
degradation by cellular nucleases. Uhlmann and Peyman, 1990, Chem. Reviews 90, 543, 
review the use of nucleoside modifications to stabilize antisense oligonucleotides. Besides 
5 improved stability, chemical modifications have also been shown to increase binding 
affinity, improve cellular penetration, and enhanced target specificity (Monia et aL, 1993, 
J. Biol Chem. 268, 14514-14522; Wu-Pong, 1994, BioPharm, 22-33). 

One of the most studied and utilized chemical alteration in oligonucleotides has 
been backbone modifications such as phosphorothioates. Phosphorothioate 

10 oligonucleotides are nucleic acid molecules whose phosphodiester linkage has been 
modified by substituting a sulfur atom in place of an oxygen atom. In addition to increased 
nuclease resistance, phosphorothioate oligonucleotides are substrates for ribonuclease H 
(RNase H) (Monia, supra, Crooke et a/., 1995, Biochem. J. 3112, 599-608). RNase H is 
an endonuclease which catalyzes the degradation of RNA in an RNA-DNA heteroduplex 

15 (Hostomsky et aL, 1993 in Nucleases, Linn et al, eds., Cold Spring Harbor Laboratory 
Press, NY, 341-376). RNA/DNA heteroduplexes, called Okazaki fragments, are formed 
naturally during DNA replication. Therefore, the normal function of RNase H is to 
degrade the RNA portion of the heteroduplex to complete DNA replication. In 
experiments with E. coli RNase H, the phosphorothioate oligonucleotide activated the 

20 enzyme more efficiently (2-5 fold) compared to a standard phosphodiester containing 
oligonucleotide (Crooke, 1995, supra). 

Binding of DNA to RNA is not as thermodynamically favorable as an RNA to 
RNA interaction (Altmann et aL, 1996, Chimia 50, 168-176). Inoe & Ohtsuka, 1987, 
Nucleic Acids Research 115, 6131, first proposed an oligonucleotide with a central region 

25 consisting of oligodeoxynucleotides flanked by 2'-0-methyl modified nucleotide regions. 
The region of oligodeoxynucleotides in such a chimeric molecule is recognized by RNase 
H when bound to target RNA; and facilitates cleavage of target RNA by RNase H. (Inoe & 
Ohtsuka, 1987, FEBSLett. 215, 327; Shibahara & Morisava, 1987, Nucleic Acids Res. 15, 
4403). Such chimeric oligonucleotides were proposed to interact with target RNA more 

30 stably than an all DNA oligonucleotide. 

Subsequent developments included the introduction of nuclease resistant 
modifications of the chimeric oligonucleotides, such as methylphosphonates (Tidd & 
Gibson, 1988, Anticancer Drug Design 3, 117), phosphorothioates (Agrawal & Pederson, 
1990, Proc Nat. Acad. Sci. USA 87, 1407), and phosphoramidates (Potts & Runyun, 1991, 

35 Proc Nat Acad. Sci. USA 88, 1516). Additionally, the flanking sequences have been 
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modified with 2'-0~methyl and 2 , - J F-modifications (Cook, 1993, Antisense Research and 
Applications, CRC Press, 150-181). 

Agrawal et al., US Patent No. 5,652,355, describe a phosphorothioate-containing 
nucleic acid molecule with at least two 2'-<9-methyl modifications on the 5' and 3' ends. 
5 Agrawal, US Patent No. 5,652,356, describes an oligonucleotide which consists of 

a region of 2 , -0-substituted oligonucleotide located between two 
oligodeoxyribonucleotide regions. The DNA regions of this nucleic acid molecule 
consists of phosphorothioate modifications at every position. 

Cook et al, US Patent No. 5,623,065, describe the use of a nucleic acid molecule 
10 which contains an RNase H cleavable region flanked by certain specifically modified 
nucleotides, for inhibition of gene expression of a ras gene. 

Cook et al, US Patent No. 5,587,362, describe a nucleic acid molecule having 
"substantially chirally pure inter-sugar linkages", for modulation of gene expression. 

Ohtsuka et al, US Patent No. 5,013,830, describe mixed oligomers having a DNA 
1 5 region and a 2'-Omethyl modified region, useful for modulation of gene expression. 

Walder et al, US Patent No. 5,491,133, describe a method for modulating gene 
expression using chimeric oligonucleotides with 3'-phosphodiester linkage modifications. 

Cohen et al, US Patent No. 5,276,019, and Cohen et al, US Patent No. 5,264,423 
describe the use of oligodeoxynucleotides of no more than 32 nucleotides in length, 
20 containing at least one phosphorothioate internucleoside linkage which are capable of 
preventing foreign nucleic acid replication. 

Cohen et al, US Patent No. 5,286,717, describe an oligodeoxyribonucleotide with 
at least one phosphorothioate modification capable of inhibiting oncogenes. 

Sproat et al, US Patent No. 5,334,71 1, describe 2 5 -OR modified hammerhead and 
25 hairpin ribozymes, where R is alkyl, alkynyl or alkenyl. 

Crooke et al, 1996, Exp. Opin. Ther. Patents 6, 855, list and discuss various 
patents and PCT publications in the field of antisense technology. 

Sproat et al, US Patent No. 5,678,731, describe 2'-0-R modified oligonucleotides 
where R is alkyl, alkynyl or alkenyl. 
30 Usman et al, US Patent No. 5,652,094, describe enzymatic nucleic acid molecules 

which include nucleic acid analogues or deoxyribonucleotides. 

Joyce, International Publication No. WO 96/17086, describes a DNA enzyme 
capable of cleaving RNA. 

Rossi et al, US Patent No. 5,144,019, describe chimeric hammerhead ribozymes 
35 with the binding arms and stem II region modified with deoxyribonucleotides. 
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Molecules have also been devised which include non-nucleotides capable of 
binding to nucleic acid. These peptide nucleic acid (PNA) molecules bind by Watson- 
Crick base-pairing and may also function through an antisense mechanism. These 
molecules have been used to augment hammerhead ribozyme activity by altering the 
5 structure of target RNAs and increasing accessibility of cleavage sites (Jankowsky et ai, 
1997, Nucleic Acids Research 25, 2690-2693). 

Summary of the Invention 

This invention relates to novel nucleic acid molecules which are useful for 
modulation of gene expression. The nucleic acid molecule of the instant invention are 

10 distinct from other nucleic acid molecules known in the art. Specifically, the nucleic acid 
molecules of the present invention have novel combinations of chemical modifications and 
are capable of binding to RNA or DNA to facilitate modulation of gene expression. These 
novel combinations of chemical modifications may be used to form antisense 
oligonucleotides, triplex forming oligonucleotides, 2-5A antisense chimera, and enzymatic 

1 5 nucleic acid molecules. 

In a preferred embodiment, the invention features a nucleic acid molecule having 
the following formulae: 
Formula I: 

5' C (X)H5-(Y) n — (X) 0 C 3' 

20 Formula II: 

5' C (Y),, (X)r-C' 3' 

Formula III: 

5" C — (X)f (Y) n — c Z' 

In a preferred embodiment, the invention features an enzymatic nucleic acid 
molecule having the formula: 
Formula IV: 

„ 5' C (X)si (Z) P (X)o- (Y)„— (X) q — C 3' 
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Formula V: 

5' C (Xh B -(Y) tr (X) 0 -(Z) p -(X) q — C 3' 

Formula VI: 

5' C (Y) n — (Z) p (X) q — C 3' 

5 Formula VII 

5' C (X) q (Z) p (Y) n — c- 3' 

In each of the above formula (I-VII), X represents independently a nucleotide 
which may be same or different; where m and o are integers independently greater than or 
equal to 4 and preferably less than about 100, more specifically 5, 6, 7, 8, 9, 10, 1 1, 12, 15, 

10 or 20; r is an integer greater than or equal to four, more specifically 5, 6, 7, 10, 15, or 20; 
the nucleic acid molecule may be symmetric (m = O) or asymmetric (m O); (X) m , (X) 0 , 
and (X) q are oligonucleotides which are of sufficient length to stably interact 
independently with a target nucleic acid molecule (the target can be an RNA, DNA or 
RNA/DNA mixed polymers); Y represents independently a deoxyribonucleptide which 

15 may be same or different; n is an integer greater than or equal to 4, specifically 5, 6 7, 8, 9, 
10, 1 1, or 12; Z represents an oligonucleotide including nucleotides capable of facilitating 
the cleavage of a target sequence; p is of length greater than or equal to 4 but less than 
100, preferably 5, between 10-20, specifically 25-55, specifically between 30-45, more 
specifically 35-50; q is an integer greater than or equal to 0, preferably 1, 2, 3, 4, 5, 6, 7, 8, 

20 10, 15,20; represents a chemical linkage (e.g. a phosphate ester linkage, amide 

linkage or others known in the art); and each (X) m , (X) D , (X) r , (X) q , and/or (Y) n 
independently comprise phosphorothioate linkages, more specifically each (X) m , (X) 0 , 
(X) r , (X) q , and/or (Y) n independently comprise at least one phosphodiester linkage and one 
phosphorothioate linkage; each C and C independently represents a cap structure which 

25 may independently be present or absent; and (Z) p may optionally include a 
phosphorothioate linkage. The nucleotides in the each of the formula I-VII are 
unmodified or modified at the sugar, base, and/or phosphate as known in the art. 

Preferably, each of X represents independently a nucleotide which may be same or 
different; where m and o are integers independently greater than or equal to 5; (X) m and 

30 (X) 0 are oligonucleotides which are of sufficient length to stably interact independently 
with a target nucleic acid molecule; each (X) r comprises independently at least one 
phosphodiester linkage and one phosphorothioate linkage; Y represents independently a 
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deoxyribonucleotide which may be same or different; (Y) n is an oligonucleotide which is 
of sufficient length to stably interact independently with a target nucleic acid molecule; n 
is an integer greater than or equal to 4; each (X) m , and (X) 0 comprise independently at 
least one phosphodiester linkage and one phosphorothioate linkage; (Y) n comprises a 
5 phosphorothioate linkage or a phosphorodithioate linkage or a 5'-S-phosphorothioate, or 
S'-S-phosphorodithioate, or a 3'-S-phosphorothioate or a 3'-S-phosphorodithioate linkage 
or a mixture thereof; and each C and C independently represents a cap structure which 
may independently be present or absent. 

By "nucleotide" as used herein is as recognized in the art to include natural bases 
10 (standard), and modified bases well known in the art. Such bases are generally located at 
the T position of a sugar moiety. Nucleotide generally comprise a base, sugar and a 
phosphate group. The nucleotides can be unmodified or modified at the sugar, phosphate 
and/or base moiety, (also referred to interchangeably as nucleotide analogs, modified 
nucleotides, non-natural nucleotides, non-standard nucleotides and other; see for example, 
15 Usman and McSwiggen, supra; Eckstein et al, International PCT Publication No. WO 
92/07065; Usman et al. } International PCT Publication No. WO 93/15187; Uhlman & 
Peyman, supra) all are hereby incorporated by reference herein). There are several 
examples of modified nucleic acid bases known in the art and has recently been 
summarized by Limbach et al, 1994, Nucleic Acids Res. 22, 2183. Some of the non- 
20 limiting examples of base modifications that can be introduced into nucleic acids include, 
inosine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2, 4, 6-trimethoxy 
benzene, 3-methyl uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines {e.g., 
5-methylcytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 
5-bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluridine), 
25 propyne, and others (Burgin et aU 1996, Biochemistry, 35, 14090; Uhlman & Peyman, 
supra). By "modified bases" in this aspect is meant nucleotide bases other than adenine, 
guanine, cytosine and uracil at V position or their equivalents; such bases may be used at 
any position, for example, within the catalytic core of an enzymatic nucleic acid molecule 
and/or in the substrate-binding regions of the nucleic acid molecule. 
30 By "unmodified nucleotide" is meant a nucleotide with one of the bases adenine, 

cytosine, guanine, thymine, uracil joined to the V carbon of p-D-ribo-furanose. 

By "modified nucleotide" is meant a nucleotide which contains a modification in 
the chemical structure of an unmodified nucleotide base, sugar and/or phosphate. 

By "sufficient length" is meant an oligonucleotide of greater than or equal to 4 
35 nucleotides. 
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By "stably interact" is meant, interaction of the oligonucleotides with target 
nucleic acid (e.g., by forming hydrogen bonds with complementary nucleotides in the 
target under physiological conditions). The interaction is stable either alone or in 
conjunction with (Y) n and (Z) p where applicable. 
5 By "chimeric nucleic acid molecule" or "chimeric oligonucleotide" is meant that, 

the molecule may be comprised of both modified or unmodified DNA or RNA. 

By "cap structure" is meant chemical modifications which have been incorporated 
at the terminus of the oligonucleotide. These terminal modifications protect the nucleic 
acid molecule from exonuclease degradation, and may help in delivery and/or localization 
10 within a cell. 

In another preferred embodiment (X) m , (X) 0 , (X) q , (Y) n and/or (Z) p independently 
include modifications selected from a group comprising 2'-0-alkyl (e.g. 2'-<9-allyl; Sproat 
et aL, supra); 2'-Oalkylthioalkyl (e.g. 2'-0-methylthiomethyl; Karpeisky et aL, 1998, 
Nucleosides & Nucleotides 16, 955-958); L-nucleotides (Tazawa et aL, 1970, 

15 Biochemistry 3499; Ashley, 1992, J. Am. Chem. Soc. 114, 9731; Klubmann et aL, 1996, 
Nature Biotech 14, 1 1 12); 2'-C-alkyl (Beigelman et aL, 1995J Biol. Chem. 270, 25702); 
1-5-Anhydrohexitol; 2,6-diaminopurine (Strobel et aL, 1994, Biochem. 33, 13824-13835); 
2'-(Ar-alanyl) amino-2'-deoxynucleotide; 2'-(Mbeta-alanyl) amino; 2 , -deoxy-2 , -(lysyl) 
amino; 2'-0-amino (Karpeisky et aL, 1995, Tetrahedron Lett. 39, 1131); 2'-deoxy-2'-(AT- 

20 histidyl) amino; 5-methyl (Strobel, supra); 2'-(A^b-carboxamidine-beta-alanyl) amino; 2'- 
deoxy-2'-(N-beta-alanyl) (Matulic-Adamic et aL, 1995, Bioorg & Med. Chem. Lett. 
5,2721-2724); xylofuranosyl (Rosemeyer et al. t 1991, Helvetica Chem. Acta, 74, 748; 
Seela et aL, 1994, Helvetica Chem. Acta, 77, 883; Seela et aL, 1996, Helvetica Chem. 
Acta, 79, 1451). 

25 In a preferred embodiment, the invention features a nucleic acid molecule of any of 

formula I-VII, where each X and/or Z, independently include a nucleotide modification 
having formula IX: 




E 
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Where, each B is independently a modified or an unmodified nucleic acid base; Rl 
is independently a fluoroalkyl or an alkylthiofluoroalkyl; E is independently a phosphorus- 
containing group; and D is independently an O, blocking group or a phosphorus- 
containing group. 

5 In another preferred embodiment, the invention features a nucleic acid molecule of 

any of formula I-VII, where each X and/or Z, independently include a nucleotide 
modification having formula X: 




X 



10 Wherein, each B is independently a modified or an unmodified nucleic acid base; 

Rl is independently an aklyl, an alkylthioalkyl, a fluoroalkyl or an alkylthiofluoroalkyl; E 
is independently a phosphorus-containing group; and D is independently an O, blocking 
group or a phosphorus-containing group. 

An "alkyl" group refers to a saturated aliphatic hydrocarbon, including straight- 

15 chain, branched-chain, and cyclic alkyl groups. Preferably, the alkyl group has 1 to 12 
carbons. More preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When substituted the 
substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH3)2, 
amino, or SH. The term also includes alkenyl groups which are unsaturated hydrocarbon 

20 groups containing at least one carbon-carbon double bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. 
More preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When substituted the 
substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2, halogen, 

25 N(CH3)2, amino, or SH. The term "alkyl" also includes alkynyl groups which have an 
unsaturated hydrocarbon group containing at least one carbon-carbon triple bond, 
including straight-chain, branched-chain, and cyclic groups. Preferably, the alkynyl group 
has 1 to 12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, more 
preferably 1 to 4 carbons. The alkynyl group may be substituted or unsubstituted. When 
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substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 
or N(CH3>2» amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, heterocyclic 
aryl, amide and ester groups. An "aryl" group refers to an aromatic group which has at 
5 least one ring having a conjugated p electron system and includes carbocyclic aryl, 
heterocyclic aryl and biaryl groups, all of which may be optionally substituted. The 
preferred substituent(s) of aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, 
cyano, alkoxy, alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to 
an alkyl group (as described above) covalently joined to an aryl group (as described above. 

10 Carbocyclic aryl groups are groups wherein the ring atoms on the aromatic ring are all 
carbon atoms. The carbon atoms are optionally substituted. Heterocyclic aryl groups are 
groups having from 1 to 3 heteroatoms as ring atoms in the aromatic ring and the 
remainder of the ring atoms are carbon atoms. Suitable heteroatoms include oxygen, 
sulfur, and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl pyrrolo, 

15 pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally substituted. An "amide" refers 
to an -C(0)-NH-R, where R is either alkyl, aryl, alkylaryl or hydrogen. An "ester" refers 
to an -C(0)-OR f , where R is either alkyl, aryl, alkylaryl or hydrogen. 

A "blocking group" is a group which is able to be removed after polynucleotide 
synthesis and/or which is compatible with solid phase polynucleotide synthesis. 

20 A "phosphorus containing group" can include phosphorus in forms such as 

dithioates, phosphoramidites and/or as part of an oligonucleotide. 

In yet another preferred embodiment C is selected from a group comprising 
inverted abasic residue,. 4',5'-methylene nucleotide; l-(beta-D-erythrofuranosyl) 
nucleotide, 4 r -thio nucleotide, carbocyclic nucleotide; 1 ,5-anhydrohexitol nucleotide; L- 

25 nucleotides; alpha-nucleotides; modified base nucleotide; phosphorodithioate linkage; 
tfweo-pentofuranosyl nucleotide; acyclic 3',4-seco nucleotide; acyclic 3,4-dihydroxybutyl 
nucleotide; acyclic 3,5-dihydroxypentyl nucleotide, 3 f -3'-inverted nucleotide moiety; 3'-3'- 
inverted abasic moiety; 3 , -2'-inverted nucleotide moiety; 3 l -2'-inverted abasic moiety; 1,4- 
butanediol phosphate; 3-phosphoramidate; hexylphosphate; aminohexyl phosphate; 3 ! - 

30 phosphate; 3 , -phosphorothioate; phosphorodithioate; or bridging or non-bridging 
methylphosphonate moiety (for more details see Beigelman et al, International PCT 
publication No. WO 97/26270, incorporated by reference herein). 

In yet another preferred embodiment C is selected from a group comprising, 4',5 I - 
methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide; 4 , -thio nucleotide, 

35 carbocyclic nucleotide; S'-amino-alkyl phosphate; l,3-diamino-2-propyl phosphate, 3- 
aminopropyl phosphate; 6-aminohexyl phosphate; 1 ,2-aminododecyl phosphate; 
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hydroxypropyl phosphate; 1,5-anhydrohexitol nucleotide; L-nucleotide; alpha-nucleotide; 
modified base nucleotide; phosphorodithioate; r/ireo-pentofuranosyl nucleotide; acyclic 
3',4'-seco nucleotide; 3,4-dihydroxybutyl nucleotide; 3,5-dihydroxypentyl nucleotide, 5'- 
5-inverted nucleotide moeity; S'-S'-inverted abasic moeity; 5-phosphoramidate; 5'- 
5 phosphorothioate; 1 ,4-butanediol phosphate; S'-amino; bridging and/or non-bridging 5- 
phosphoramidate, phosphorothioate and/or phosphorodithioate, bridging or non bridging 
methylphosphonate and 5 f -mercapto moeities (for more details see Beaucage and Iyer, 
1993, Tetrahedron 49, 1925; incorporated by reference herein). 

In another preferred embodiment (Z) p includes a non-nucleotide linker. Thus, in a 

10 preferred embodiment, the invention features an enzymatic nucleic acid molecule having 
one or more non-nucleotide moieties, and having enzymatic activity to cleave an RNA or 
DNA molecule. By the term "non-nucleotide" is meant any group or compound which can 
be incorporated into a nucleic acid chain in the place of one or more nucleotide units, 
including either sugar and/or phosphate substitutions, and allows the remaining bases to 

15 exhibit their enzymatic activity. The group or compound is abasic in that it does not 
contain a commonly recognized nucleotide base, such as adenosine, guanine, cytosine, 
uracil or thymine. The terms "abasic" or "abasic nucleotide" as used herein encompass 
sugar moieties lacking a base or having other chemical groups in place of base at the V 
position. 

20 By the phrase "enzymatic nucleic acid" is meant a nucleic acid molecule capable of 

catalyzing (altering the velocity and/or rate of) a variety of reactions including the ability 
to repeatedly cleave other separate nucleic acid molecules (endonuclease activity) in a 
nucleotide base sequence-specific manner. Such a molecule with endonuclease activity 
may have complementarity in a substrate binding region (e.g. (X) m , (X) 0 , (X) q and (Y) n in 

25 formulae IV-VII) to a specified gene target, and also has an enzymatic activity that 
specifically cleaves RNA or DNA in that target. That is, the nucleic acid molecule with 
endonuclease activity is able to intramolecularly or intermolecularly cleave RNA or DNA 
and thereby inactivate a target RNA or DNA molecule. This complementarity functions to 
allow sufficient hybridization of the enzymatic RNA molecule to the target RNA or DNA 

30 to allow the cleavage to occur. 100% complementarity is preferred, but complementarity 
as low as 50-75% may also be useful in this invention. The nucleic acids may be modified 
at the base, sugar, and/or phosphate groups. The term enzymatic nucleic acid is used 
interchangeably with phrases such as ribozymes, catalytic RNA, enzymatic RNA, catalytic 
DNA, nucleozyme, DNAzyme, RNA enzyme, endoribonuclease, endonuclease, 

35 minizyme, leadzyme, oligozyme, chimeric ribozyme, chimeric enzymatic nucleic acid, or 
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DNA enzyme. All of these terminologies describe nucleic acid molecules with enzymatic 
activity. 

By "complementarity" is meant a nucleic acid that can form hydrogen bond(s) with 
other RNA sequence by either traditional Watson-Crick or other non-traditional types (for 
5 example, Hoogsteen type) of base-paired interactions. 

By "oligonucleotide" as used herein, is meant a molecule comprising two or more 
nucleotides. 

By "enzymatic portion" is meant that part of the enzymatic nucleic acid molecule 
essential for cleavage of a nucleic acid substrate 

10 By "substrate binding region" or "substrate binding domain" is meant that 

portion/region of a nucleic acid molecule (e.g. ribozyme) which is complementary to (i.e., 
able to base-pair with) a portion of its substrate. Generally, such complementarity is 
100%, but can be less if desired. For example, as few as 10 bases out of 14 may be base- 
paired. Such arms are shown generally in Figures 1 and 3. That is, in a ribozyme example, 

15 these arms contain sequences within a ribozyme which are intended to bring ribozyme and 
target RNA together through complementary base-pairing interactions. The ribozyme of 
the invention may have binding arms that are contiguous or non-contiguous and may be of 
varying lengths. The length of the binding arm(s) are preferably greater than or equal to 
four nucleotides; specifically 12-100 nucleotides; more specifically 14-24 nucleotides 

20 long. If two binding arms are chosen, the design is such that the length of the binding 
arms are symmetrical (Le., each of the binding arms is of the same length; e.g., five and 
five nucleotides, six and six nucleotides or seven and seven nucleotides long) or 
asymmetrical (i.e., the binding arms are of different length; e.g., six and three nucleotides; 
three and six nucleotides long; four and five nucleotides long; four and six nucleotides 

25 long; four and seven nucleotides long; and the like). 

By "DNAzyme" or "catalytic DNA" or "DNA enzyme" is meant, an enzymatic 
nucleic acid molecule lacking a 2'-OH group. 

By "nucleic acid molecule" as used herein is meant a molecule comprising 
nucleotides. The nucleic acid can be composed of modified or unmodified nucleotides or 

30 non-nucleotides or various mixtures and combinations thereof. 

In another preferred embodiment, the nucleic acid molecule of the present 
invention is conjugated with another moiety including but not limited to abasic 
nucleotides, polyether, polyamine, polyamides, peptides, carbohydrates, lipid, or 
polyhydrocarbon compounds. Those skilled in the art will recognize that these molecules 

35 may be linked to one or more of any nucleotides comprising the nucleic acid molecule at 
several positions on the sugar, base or phosphate group. 
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In yet another preferred embodiment, the nucleic acid molecule of the present 
invention can form structures including but not limited to antisense, triplexes, 2-5A 
chimera antisense, or enzymatic nucleic acid (ribozymes). 

By "antisense" is meant a non-enzymatic nucleic acid molecule that binds to target 
5 RNA, for example, by means of RNA-RNA or RNA-DNA or RNA-PNA (protein nucleic 
acid; Egholm et al, 1993 Nature 365, 566) interactions and alters the activity of the target 
RNA (for a review see Stein and Cheng, 1993 Science 261, 1004). 

By "2-5A antisense chimera" it is meant, an antisense oligonucleotide containing a 
5 1 phosphorylated 2 -S'-Iinked adenylate residues. These chimeras bind to target RNA in a 
10 sequence-specific manner and activate a cellular 2-5A-dependent ribonuclease which in 
turn cleaves the target RNA (Torrence et al, 1993 Proa Natl Acad ScL USA 90, 1300). 

By "triplex DNA" it is meant an oligonucleotide that can bind to a double-stranded 
DNA in a sequence-specific manner to form a triple-strand helix. Triple-helix formation 
has been shown to inhibit transcription of the targeted gene (Duval- Valentin et al t 1992 
1 5 Proc. Natl Acad Set USA 89, 504). 

In another preferred embodiment, the invention features an antisense 
oligonucleotide which is capable of interacting with the target RNA and sterically 
blocking translation, where the oligonucleotide has a 5' and a 3' Cap structure and the 
oligonucleotide may include modifications at the base, sugar or the phosphate groups. 
20 Other features and advantages of the invention will be apparent from the following 

description of the preferred embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 

The drawings will first briefly be described. 

Drawings: 

25 Figure 1 is a diagrammatic representation of a nucleic acid molecule with 7-9 

phosphorothioate oligodeoxyribonucleotide sequence flanked by 9 non- 
deoxyribonucleotide containing oligonucleotides, binding to a target molecule. 

Figure 2 displays schematic representations of certain chemical structures which 
may be incorporated into the nucleic acid molecule of the invention. 

30 Figure 3 shows the secondary structure model for seven different classes of 

enzymatic nucleic acid molecules. Arrow indicates the site of cleavage. indicate 

the target sequence. Lines interspersed with dots are meant to indicate tertiary interactions, 
- is meant to indicate base-paired interaction. Gr up I Intr n: P1-P9.0 represent various 
stem-loop structures (Cech et al, 1994, Native Struc. Bio., 1, 273). RNase P (M1RNA): 
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EGS represents external guide sequence (Forster et aL, 1990, Science, 249, 783; Pace et 
aL, 1990, J, Biol Chem., 265, 3587). Group II Intron: 5'SS means 5' splice site; 3' SS 
means 3'-splice site; IBS means intron binding site; EBS means exon binding site (Pyle et 
aL, 1994, Biochemistry, 33, 2716). VS RNA: I-VI are meant to indicate six stem-loop 
5 structures; shaded regions are meant to indicate tertiary interaction (Collins, International 
PCT Publication No. WO 96/19577). HDV Ribozyme: : I-IV are meant to indicate four 
stem-loop structures (Been et aL, US Patent No. 5,625,047). Hammerhead Ribozyme: : 
I-III are meant to indicate three stem-loop structures; stems I-III can be of any length and 
may be symmetrical or asymmetrical (Usman et aL, 1996, Curr. Op. Struct. Bio., 1, 527). 

10 Hairpin Ribozyme: Helix 1, 4 and 5 can be of any length; Helix 2 is between 3 and 8 
base-pairs long; Y is a pyrimidine; Helix 2 (H2) is provided with a least 4 base pairs (Le. t 
n is 1, 2, 3 or 4) and helix 5 can be optionally provided of length 2 or more bases 
(preferably 3 - 20 bases, i.e., m is from 1 - 20 or more). Helix 2 and helix 5 may be 
covalently linked by one or more bases (i.e., r is 1 base). Helix 1, 4 or 5 may also be 

15 extended by 2 or more base pairs (e.g., 4 - 20 base pairs) to stabilize the ribozyme 
structure, and preferably is a protein binding site. In each instance, each N and N' 
independently is any normal or modified base and each dash represents a potential base- 
pairing interaction. These nucleotides may be modified at the sugar, base or phosphate. 
Complete base-pairing is not required in the helices, but is preferred. Helix 1 and 4 can be 

20 of any size (i.e., o and p is each independently from 0 to any number, e.g., 20) as long as 
some base-pairing is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be modified chemically 
(abasic, base, sugar and/or phosphate modifications) or replaced with another base without 
significant effect. Helix 4 can be foimed from two separate molecules, Le., without a 

25 connecting loop. The connecting loop when present may be a ribonucleotide with or 
without modifications to its base, sugar or phosphate. "q ,f is 2 bases. The connecting 
loop can also be replaced with a non-nucleotide linker molecule. H refers to bases A, U, 

or C. Y refers to pyrimidine bases. " " refers to a covalent bond. (Burke et aL, 1996, 

Nucleic Acids & MoL Biol, 10, 129; Chowrira et aL, US Patent No. 5,63 1,359). 

30 Figure 4 is a graph comparing cell proliferation rates of MCF-7 cells treatment 

with active and inactive ribozyme with mismatch arms targeted to estrogen receptor 
delivered with GSV transfection reagent. The sequence for the active ribozyme is given as 
Seq. ID. No.2725 and the inactive is 2726. 

Figure 5 is a graph comparing RNA levels of c-raf RNA in PC-3 cells following 

35 treatment with antisense (Seq. ID. No 271 7) and scrambled antisense (mismatch) controls. 
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Figure 6a and 6b displays several possible ribozymes comprising 
oligodeoxyribonucleotides. The symbols used in the diagram include: N* represents a 
nucleotide complementary to a nucleotide on the target molecule; N7 represents position 7 
in the ribozyme molecule (Hertel, K. J., et al, 1992, Nucleic Acids Res. . 20, 3252); N' 
5 represents a deoxyribonucleotide complementary to a nucleotide on the target molecule; s 
represents a phosphorothioate modification; C represents a chemical modification at the 5' 
end of the ribozyme; and C represents a chemical modification at the 3' end. 

Figure 7 shows examples of nucleotide modifications for incorporation into 
oligonucleotides. 

10 Figure 8 is a graph demonstrating the level of c-raf mRNA in PC-3 cells following 

treatment with c-raf sequence targeting antisense nucleic acid molecules. The antisense 
molecules target regions within the intron/exon junction (Seq. LD. Nos.273 1-2735), intron 
(Seq. I.D. 2736) and exon (Seq. LD. 2737). The results demonstrate the molecules' ability 
to inhibit c-raf mRNA compared to the untreated or mismatch control at two 

15 concentrations. 

Figure 9 is a graph which demonstrates the ability of an antisense molecule 
represented by Seq. LD. No. 2738 (phosphorothioate modifications at every 
deoxynucleotide position) to inhibit c-raf message in PC-3 cells over a period of five days 
compared to the untreated and mismatch controls at three different concentrations. 

20 Figure 10 is a graph which demonstrates the ability of an antisense molecule 

represented by Seq. LD. No. 2737 (three phosphorothoate modified nucleotides at both the 
5* and 3* ends of the oligonucleotide) to inhibit c-raf message in PC-3 cells over a period 
of five days compared to the untreated control at three different concentrations. 

Figure 11 is a graph which demonstrates the ability of an antisense molecule 

25 represented by Seq. LD. No. 2744 (9 phosphorothioate modified DNA flanked by 7 2*-0- 
methylthiomethyl RNA nucleotides at the 5' and 3' end) to inhibit c-raf message in PC-3 
cells over a period of five days compared to the untreated and mismatch control at three 
different concentrations. 

Figure 12 is a graph showing the level of cellular proliferation inhibition exhibited 

30 by antisense oligonucleotides represented by Seq. LD. Nos. 2738 and 2741. Also shown 
within the graph is the cellular proliferation after treatment of cells with a mismatch 
control (Seq. LD. 2739). 

Figure 13 is a graph showing the ability of oligonucleotides with different 
chemical modifications to inhibit c-raf mRNA. Each antisense molecule is compared to 

35 an untreated and mismatch control. 
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Figure 14 is a graph demonstrating a dose dependent inhibition of C-raf in PC-3 
cells following treatment with antisense oligonucleotides (Seq. LD. Nos. 2741 and 2738). 

Figure 15 is a graph showing inhibition of bcl-2 mRNA by antisense 
oligonucleotides compared to untreated and mismatch controls. 

Figure 16 is a graph showing the ability of several k-ras targeting antisense 
molecules to inhibit k-ras message 

Figure 17 is a graph showing the ability of oligonucleotides with different 
chemical modifications to inhibit estrogen receptor mRNA. Each antisense molecule is 
compared to an untreated and mismatch control. 

Figure 18 shows a scheme for the synthesis of 3'-deoxy-3'-thio guanosine 
nucleoside (scheme 1). 

Figure 19 shows a scheme for the synthesis of S-(pyridyl-2-disulfanyl) derivative 
(scheme 2). 

Figure 20 shows a scheme for the synthesis of 3'-deoxy-3'-thio guanosine 
phosphoramidite. 

Figure 21 shows a scheme for the preparation of 5'-(hio-nucleoside 
phosphoramidite and succinates. 

Figure 22 shows a scheme for the synthesis of 3 , -thio-2 , -0-methyl uridine. 

Synthesis of Nucleic acid Molecules 

Synthesis of nucleic acids greater than 100 nucleotides in length is difficult using 
automated methods, and the therapeutic cost of such molecules is prohibitive. In this 
invention, small nucleic acid motifs (e.g., antisense oligonucleotides, hammerhead or the 
hairpin ribozymes) are used for exogenous delivery. The simple structure of these 
molecules increases the ability of the nucleic acid to invade targeted regions of RNA 
structure. The molecules of the instant invention were chemically synthesized. 
Oligodeoxyribonucleotides were synthesized using standard protocols as described in 
Caruthers et aL y 1992, Methods in Enzymology 21 1,3-19, and is incorporated by reference. 

The method of synthesis used for normal RNA including certain enzymatic nucleic 
acid molecules follows the procedure as described in Usman et al, 1987 J. Am. Chem. 
Soc, 109, 7845; Scaringe et aL, 1990 Nucleic Acids Res., 18, 5433; and Wincott et al., 
1995 Nucleic Acids Res. 23, 2677-2684 and makes use of common nucleic acid protecting 
and coupling groups, such as dimethoxytrityl at the 5 -end, and phosphoramidites at the 3'- 
end. In a non-limiting example, small scale synthesis were conducted on a 394 Applied 
Biosystems, Inc. synthesizer using a modified 2.5 |imol scale protocol with a 5 min 
coupling step for alkylsilyl protected nucleotides and 2.5 min coupling step for 2'-0- 
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methylated nucleotides. Table II outlines the amounts, and the contact times, of the 
reagents used in the synthesis cycle. A 6.5-fold excess (163 jiL of 0.1 M = 16.3 jimol) of 
phosphoramidite and a 24-fold excess of S-ethyl tetrazole (238 |iL of 0.25 M = 59.5 nmol) 
relative to polymer-bound 5-hydroxyl was used in each coupling cycle. Average coupling 
5 yields on the 394 Applied Biosystems, Inc. synthesizer, determined by colorimetric 
quantitation of the trityl fractions, were 97.5-99%. Other oligonucleotide synthesis 
reagents for the 394 Applied Biosystems, Inc. synthesizer; detritylation solution was 2% 
TCA in methylene chloride (ABI); capping was performed with 16% A^-methyl imidazole 
in THF (ABI) and 10% acetic anhydride/10% 2,6-lutidine in THF (ABI); oxidation 
10 solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF (Millipore). B & J Synthesis 
Grade acetonitrile was used directly from the reagent bottle. S-Ethyl tetrazole solution 
(0.25 M in acetonitrile) was made up from the solid obtained from American International 
Chemical, Inc. 

Deprotection of the RNA was performed as follows. The polymer-bound 
15 oligoribonucleotide, trityl-off, was transferred from the synthesis column to a 4mL glass 
screw top vial and suspended in a solution of methylamine (MA) at 65 °C for 10 min. 
After cooling to -20 °C, the supernatant was removed from the polymer support. The 
support was washed three times with 1 .0 mL of EtOH:MeCN:H20/3 ; 1 : 1 , vortexed and the 
supernatant was then added to the first supernatant. The combined supernatants, 
20 containing the oligoribonucleotide, were dried to a white powder. 

The base-deprotected oligoribonucleotide was resuspended in anhydrous 
TEA*HF/NMP solution (250 |jL of a solution of 1.5mL 7V-methylpyrrolidinone, 750 jiL 
TEA and 1.0 mL TEA # 3HF to provide a 1.4M HF concentration) and heated to 65°C for 
1.5 h. The resulting, fully deprotected, oligomer was quenched with 50 mM TEAB (9 
25 mL) prior to anion exchange desalting. 

For anion exchange desalting of the deprotected oligomer, the TEAB solution was 
loaded onto a Qiagen 500® anion exchange cartridge (Qiagen Inc.) that was prewashed 
with 50 mM TEAB (10 mL). After washing the loaded cartridge with 50 mM TEAB (10 
mL), the RNA was eluted with 2 M TEAB (10 mL) and dried down to a white powder. 
30 Inactive hammerhead ribozymes were synthesized by substituting a U for G5 and a 

U for A14 (numbering from Hertel, K. J., et al t 1992, Nucleic Acids Res. . 20, 3252). 

The average stepwise coupling yields were >98% (Wincott et al t 1995 Nucleic 
Acids Res. 23,2677-2684). 

Alternatively, the nucleic acid molecules of the present invention can be 
35 synthesized separately and joined together by ligation (Moore et al., 1992, Science 256, 
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9923; Draper et al, International PCT publication No. WO 93/23569; Shabarova et al, 
1991, Nucleic Acids Research 19, 4247) 

Administration of Nucleic Acid Molecules 

Methods for the delivery of nucleic acid molecules is described in Akhtar et al, 
5 1992, Trends Cell Bio., 2, 139; and Delivery Strategies for Antisense Oligonucleotide 
Therapeutics, ed. Akhtar, 1995 which are both incorporated herein by reference. Sullivan 
et al, PCT WO 94/02595, further describes the general methods for delivery of enzymatic 
RNA molecules . These protocols may be utilized for the delivery of virtually any nucleic 
acid molecule. Nucleic acid molecules may be administered to cells by a variety of 

10 methods known to those familiar to the art, including, but not restricted to, encapsulation 
in liposomes, by iontophoresis, or by incorporation into other vehicles, such as hydrogels, 
cyclodextrins, biodegradable nanocapsules, and bioadhesive microspheres. For some 
indications, nucleic acid molecules may be directly delivered ex vivo to cells or tissues 
with or without the aforementioned vehicles. Alternatively, the nucleic acid/vehicle 

15 combination is locally delivered by direct injection or by use of a catheter, infusion pump 
or stent. Other routes of delivery include, but are not limited to, intravascular, 
intramuscular, subcutaneous or joint injection, aerosol inhalation, oral (tablet or pill form), 
topical, systemic, ocular, intraperitoneal and/or intrathecal delivery. More detailed 
descriptions of nucleic acid delivery and administration are provided in Sullivan et ai, 

20 supra and Draper et al. y PCT W093/23569 which have been incorporated by reference 
herein. 

The molecules of the instant invention can be used as pharmaceutical agents. 
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom to 
some extent, preferably all of the symptoms) of a disease state in a patient. 

25 The negatively charged polynucleotides of the invention can be administered (e.g., 

RNA, DNA or protein) and introduced into a patient by any standard means, with or 
without stabilizers, buffers, and the like, to form a pharmaceutical composition. When it 
is desired to use a liposome delivery mechanism, standard protocols for formation of 
liposomes can be followed. The compositions of the present invention may also be 

30 formulated and used as tablets, capsules or elixirs for oral administration; suppositories for 
rectal administration; sterile solutions; suspensions for injectable administration; and the 
like. 

The present invention also includes pharmaceutically acceptable formulations of 
the compounds described. These formulations include salts of the above compounds, e.g., 
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acid addition salts, for example, salts of hydrochloric, hydrobromic, acetic acid, and 
benzene sulfonic acid. 

A pharmacological composition or formulation refers to a composition or 
formulation in a form suitable for administration, e.g., systemic administration, into a cell 
5 or patient, preferably a human. Suitable forms, in part, depend upon the use or the route of 
entry, for example oral, transdermal, or by injection. Such forms should not prevent the 
composition or formulation to reach a target cell (i.e., a cell to which the negatively 
charged polymer is desired to be delivered to). For example, pharmacological 
compositions injected into the blood stream should be soluble. Other factors are known in 

10 the art, and include considerations such as toxicity and forms which prevent the 
composition or formulation from exerting its effect. 

By "systemic administration" is meant in vivo systemic absorption or 
accumulation of drugs in the blood stream followed by distribution throughout the entire 
body. Administration routes which lead to systemic absorption include, without 

15 limitations: intravenous, subcutaneous, intraperitoneal, inhalation, oral, intrapulmonary 
and intramuscular. Each of these administration routes expose the desired negatively 
charged polymers, e.g., nucleic acids, to an accessible diseased tissue. The rate of entry 
of a drug into the circulation has been shown to be a function of molecular weight or size. 
The use of a liposome or other drug carrier comprising the compounds of the instant 

20 invention can potentially localize the drug, for example, in certain tissue types, such as the 
tissues of the reticular endothelial system (RES). A liposome formulation which can 
facilitate the association of drug with the surface of cells, such as, lymphocytes and 
macrophages is also useful. This approach may provide enhanced delivery of the drug to 
target cells by taking advantage of the specificity of macrophage and lymphocyte immune 

25 recognition of abnormal cells, such as the cancer cells. 

The invention also features the use of the a composition comprising surface- 
modified liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long- 
circulating liposomes or stealth liposomes). These formulations offer an method for 
increasing the accumulation of drugs in target tissues. This class of drug carriers resists 

30 opsonization and elimination by the mononuclear phagocytic system (MPS or RES), 
thereby enabling longer blood circulation times and enhanced tissue exposure for the 
encapsulated drug (Lasic et al. Chem. Rev. 1995, 95, 2601-2627; Ishiwata et aL> Chem. 
Pharm. Bull 1995, 43, 1005-1011). Such liposomes have been shown to accumulate 
selectively in tumors, presumably by extravasation and capture in the neovascularized 

35 target tissues (Lasic et al, Science 1995, 267, 1275-1276; Oku et a/., 1995, Biochim. 
Biophys. Acta, 1238, 86-90). The long-circulating liposomes enhance the 
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pharmacokinetics and pharmacodynamics of DNA and RNA, particularly compared to 
conventional cationic liposomes which are known to accumulate in tissues of the MPS 
(Liu et al, 1 Biol Chem. 1995, 42, 24864-24870; Choi et al, International PCT 
Publication No. WO 96/10391; Ansell et al, International PCT Publication No. WO 
5 96/10390; Holland et al, International PCT Publication No. WO 96/10392; all of these 
are incorporated by reference herein). Long-circulating liposomes are also likely to 
protect drugs from nuclease degradation to a greater extent compared to cationic 
liposomes, based on their ability to avoid accumulation in metabolically aggressive MPS 
tissues such as the liver and spleen. All of these references are incorporated by reference 
10 herein. 

The present invention also includes compositions prepared for storage or 
administration which include a pharmaceutically effective amount of the desired 
compounds in a pharmaceutically acceptable carrier or diluent. Acceptable carriers or 
diluents for therapeutic use are well known in the pharmaceutical art, and are described, 

15 for example, in Remington's Pharmaceutical Sciences, Mack Publishing Co. (A.R. 
Gennaro edit. 1985) hereby incorporated by reference herein. For example, preservatives, 
stabilizers, dyes and flavoring agents may be provided. Id at 1449. These include sodium 
benzoate, sorbic acid and esters of /?-hydroxybenzoic acid. In addition, antioxidants and 
suspending agents may be used. JcL 

20 A pharmaceutically effective dose is that dose required to prevent, inhibit the 

occurrence, or treat (alleviate a symptom to some extent, preferably all of the symptoms) 
of a disease state. The pharmaceutically effective dose depends on the type of disease, the 
composition used, the route of administration, the type of mammal being treated, the 
physical characteristics of the specific mammal under consideration, concurrent 

25 medication, and other factors which those skilled in the medical arts will recognize. 
Generally, an amount between 0.1 mg/kg and 100 mg/kg body weight/day of active 
ingredients is administered dependent upon potency of the negatively charged polymer. 

Mechanism of action of Nucleic Acid Molecules of the Invention 

Antisense : Antisense molecules may be RNA or DNA oligonucleotides and 

30 primarily function by specifically binding to matching sequences resulting in inhibition of 
peptide synthesis (Wu-Pong, Nov 1994, BioPharm, 20-33). The oligonucleotide binds to 
target RNA by Watson Crick base-pairing and blocks gene expression by preventing 
ribosomal translation of the bound sequences. Antisense molecules may also alter protein 
synthesis by interfering with RNA processing or transport from the nucleus into the 

35 cytoplasm (Mukhopadhyay & Roth, 1996, Crit. Rev. in Oncogenesis 7, 151-190). 
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In addition, binding of single stranded DNA to RNA may result in nuclease 
degradation of the heteroduplex (Wu-Pong, supra; Crooke, supra). To date, the only 
backbone modified DNA chemistry which will act as substrates for RNase H are 
phosphorothioates and phosphorodithioates. In experiments with E. coli, the 
5 oligodeoxyribonucleotides phosphorothioate modification activated RNase H more 
efficiently (2-5 fold) compared to the natural phosphodiester containing 
oligodeoxynucleotide (Crooke, 1995, supra). Applicant describes here for the first time 
that oligonucleotides with 5*-thiophosphate modification can activate RNase H cleavage 
of RNA. 

10 Triplex Forming Oligonucleotides (TFOV Single stranded DNA may be designed 

to bind to genomic DNA in a sequence specific manner. TFOs are comprised of 
pyrimidine-rich oligonucleotides which bind DNA helices through Hoogsteen Base- 
pairing (Wu-Pong, supra)The resulting triple helix composed of the DNA sense, DNA 
antisense, and TFO disrupts RNA synthesis by RNA polymerase. The TFO mechanism 

15 may result in gene expression or cell death since binding may be irreversible 
(Mukhopadhyay & Roth, supra). 
^ " r -~ ^ — — - " 2-5A~Antis^ is an interferon mediated mechanism 

for RNA degradation found in higher vertebrates (Mitra et a/., 1996, Proc Nat Acad Sci 
USA 93, 6780-6785). Two types of enzymes, 2-5A synthetase and RNase L, are required 

20 for RNA cleavage. The 2-5A synthetases require double stranded RNA to form 2'-5' 
oligoadenylates (2-5 A). 2-5 A then acts as an allosteric effector for utilizing RNase L 
which has the ability to cleave single stranded RNA. The ability to form 2-5A structures 
with double stranded RNA makes this system particularly useful for inhibition of viral 
replication. 

25 (2 , -5')oligoadenylate structures may be covalently linked to antisense molecules to 

form chimeric oligonucleotides capable of RNA cleavage (Torrence, supra). These 
molecules putatively bind and active a 2-5A dependent RNase, the 
oligonucleotide/enzyme complex then binds to a target RNA molecule which can then be 
cleaved by the RNase enzyme. 

30 Enzymatic Nucleic acid : Seven basic varieties of naturally-occurring enzymatic 

RNAs are known presently. In addition, several in vitro selection (evolution) strategies 
(Orgel, 1979, Proc. R. Soc. London, B 205, 435) have been used to evolve new nucleic 
acid catalysts capable of catalyzing cleavage and ligation of phosphodiester linkages 
(Joyce, 1989, Gene, 82, 83-87; Beaudry et aL, 1992, Science 257, 635-641; Joyce, 1992, 

35 Scientific American 267, 90-97; Breaker et al, 1994, TIBTECH 12, 268; Bartel et al t 1993, 
Science 261:1411-1418; Szostak, 1993, TIBS 17, 89-93; Kumar et al, 1995, FASEB J. t 9, 
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1183; Breaker, 1996, Curr. Op. Biotech, 7, 442; Santoro et al, 1997, Proa Natl Acad 
ScL, 94, 4262; Tang et al, 1997, RNA 3, 914; Nakamaye & Eckstein, 1994, supra; Long & 
Uhlenbeck, 1994, supra; Ishizaka et al., 1995, supra; Vaish et al t 1997, Biochemistry 36, 
6495; all of these are incorporated by reference herein). Each can catalyze a series of 
5 reactions including the hydrolysis of phosphodiester bonds in trans (and thus can cleave 
other RNA molecules) under physiological conditions. Table I summarizes some of the 
characteristics of some of these ribozymes. In general, enzymatic nucleic acids act by first 
binding to a target RNA. Such binding occurs through the target binding portion of an 
enzymatic nucleic acid which is held in close proximity to an enzymatic portion of the 

10 molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first 
recognizes and then binds a target RNA through complementary base-pairing, and once 
bound to the correct site, acts enzymatically to cut the target RNA. Strategic cleavage of 
such a target RNA will destroy its ability to direct synthesis of an encoded protein. After 
an enzymatic nucleic acid has bound and cleaved its RNA target, it is released from that 

1 5 RNA to search for another target and can repeatedly bind and cleave new targets. 

The enzymatic nature of a ribozyme is advantageous over other technologies, since 
the concentration of ribozyme necessary to affect a therapeutic treatment is lower. This 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a single 
ribozyme molecule is able to cleave many molecules of target RNA. In addition, the 

20 ribozyme is a highly specific inhibitor, with the specificity of inhibition depending not 
only on the base-pairing mechanism of binding to the target RNA, but also on the 
mechanism of target RNA cleavage. Single mismatches, or base-substitutions, near the 
site of cleavage can be chosen to completely eliminate catalytic activity of a ribozyme. 

Nucleic acid molecules having an endonuclease enzymatic activity are able to 

25 repeatedly cleave other separate RNA molecules in a nucleotide base sequence-specific 
manner. Such enzymatic nucleic acid molecules can be targeted to virtually any RNA 
transcript, and efficient cleavage achieved in vitro (Zaug et al, 324, Nature 429 1986 ; 
Uhlenbeck, 1987 Nature 328, 596; Kim et al, 84 Proc. Natl Acad. ScL USA 8788, 1987; 
Dreyfus, 1988, Einstein Quart. J. Bio. Med., 6, 92; Haseloff and Gerlach, 334 Nature 585, 

30 1988; Cech, 260 JAMA 3030, 1988; and Jefferies et al., 17 Nucleic Acids Research 1371, 
1989; Santoro et al, 1997 supra). 

Because of their sequence-specificity, /ra/ty-cleaving ribozymes show promise as 
therapeutic agents for human disease (Usman & McSwiggen, 1995 Ann. Rep. Med. Chem. 
30, 285-294; Christoffersen and Marr, 1995 J. Med. Chem. 38, 2023-2037). Ribozymes 

35 can be designed to cleave specific RNA targets within the background of cellular RNA. 
Such a cleavage event renders the RNA non-functional and abrogates protein expression 
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from that RNA. In this manner, synthesis of a protein associated with a disease state can 
be selectively inhibited. 

Optimizing Ribozvme Activity 

Catalytic activity of the ribozymes described in the instant invention can be 
5 optimized as described by Draper et al., supra. The details will not be repeated here, but 
include altering the length of the ribozyme binding arms, or chemically synthesizing 
ribozymes with modifications (base, sugar and/or phosphate) that prevent their 
degradation by serum ribonucleases and/or enhance their enzymatic activity (see e.g., 
Eckstein et al, International Publication No. WO 92/07065; Perrault et al, 1990 Nature 

10 344, 565; Pieken et al, 1991 Science 253, 314; Usman and Cedergren, 1992 Trends in 
Biochem. Set 17, 334; Usman et al, International Publication No. WO 93/15187; and 
Rossi et al, International Publication No. WO 91/03162; Sproat, US Patent No. 
5,334,71 1; and Burgin et al, supra; all of these describe various chemical modifications 
that can be made to the base, phosphate and/or sugar moieties of enzymatic RNA 

15 molecules). Modifications which enhance their efficacy in cells, and removal of bases 
from stem loop structures to shorten RNA synthesis times and reduce chemical 
requirements are desired. (All these publications are hereby incorporated by reference 
herein). 

There are several examples in the art describing sugar, base and phosphate 

20 modifications that can be introduced into enzymatic nucleic acid molecules without 
significantly effecting catalysis and with significant enhancement in their nuclease 
stability and efficacy. Ribozymes are modified to enhance stability and/or enhance 
catalytic activity by modification with nuclease resistant groups, for example, 2 -amino, 2- 
C-allyl, 2 -flouro, 2'-<9-methyl, 2 -H, nucleotide base modifications (for a review see 

25 Usman and Cedergren, 1 992 TIBS 1 7, 34; Usman et al, 1 994 Nucleic Acids Symp. Ser. 3 1 , 
163; Burgin et al, 1996 Biochemistry 35, 14090). Sugar modification of enzymatic 
nucleic acid molecules have been extensively described in the art (see Eckstein et al, 
International Publication PCT No. WO 92/07065; Perrault et al Nature 1990, 344, 565- 
568; Pieken et al Science 1991, 253 , 314-317; Usman and Cedergren, Trends in Biochem. 

30 ScL 1992, 17, 334-339; Usman et al International Publication PCT No. WO 93/15187; 
Sproat, US Patent No. 5,334,711 and Beigelman et al, 1995 1 Biol Chem. 270,25702; 
all of the references are hereby incorporated in their totality by reference herein). Such 
publications describe general methods and strategies to determine the location of 
incorporation of sugar, base and/or phosphate modifications and the like into ribozymes 

35 without inhibiting catalysis, and are incorporated by reference herein. In view of such 
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teachings, similar modifications can be used as described herein to modify the nucleic acid 
catalysts of the instant invention. 

Nucleic acid catalysts having chemical modifications which maintain or enhance 
enzymatic activity are provided. Such nucleic acid is also generally more resistant to 
5 nucleases than unmodified nucleic acid. Thus, in a cell and/or in vivo the activity may not 
be significantly lowered. As exemplified herein such ribozymes are useful in a cell and/or 
in vivo even if activity over all is reduced 10 fold (Burgin et ai, 1996, Biochemistry, 35, 
14090), Such ribozymes herein are said to "maintain" the enzymatic activity on all RNA 
ribozyme. 

10 Therapeutic ribozymes delivered exogenously must optimally be stable within cells 

until translation of the target RNA has been inhibited long enough to reduce the levels of 
the undesirable protein. This period of time varies between hours to days depending upon 
the disease state. Clearly, ribozymes must be resistant to nucleases in order to function as 
effective intracellular therapeutic agents. Improvements in the chemical synthesis of RNA 

15 (Wincott et al 9 1995 Nucleic Acids Res. 23, 2677; incorporated by reference herein) have 
expanded the ability to modify ribozymes by introducing nucleotide modifications to 
enhance their nuclease stability as described above. 

By "enhanced enzymatic activity" is meant to include activity measured in cells 
and/or in vivo where the activity is a reflection of both catalytic activity and ribozyme 

20 stability. In this invention, the product of these properties is increased or not significantly 
(less that 10 fold) decreased in vivo compared to an all RNA ribozyme. 

In yet another preferred embodiment, nucleic acid catalysts having chemical 
modifications which maintain or enhance enzymatic activity is provided. Such nucleic 
acid is also generally more resistant to nucleases than unmodified nucleic acid. Thus, in a 

25 cell and/or in vivo the activity may not be significantly lowered. As exemplified herein 
such ribozymes are useful in a cell and/or in vivo even if activity over all is reduced 1 0 
fold (Burgin et al t 1996, Biochemistry, 35, 14090). Such ribozymes herein are said to 
"maintain" the enzymatic activity on all RNA ribozyme. 

Inhibition Of Estrogen Receptor Gene Expression 

30 Breast Cancer is one of the leading causes of death in women (Jiang and Jordan, 

1992, J. Natl. Cancer Inst. 84, 580-591). There has been an intense effort to understand 
the molecular mechanisms for hormonal regulation of cell proliferation in breast cancer 
over the last several decades. It has been shown that many breast and endometrial cancers 
are dependent on estrogen for their growth and progression (Borras et al, 1994, J. Steroid 

35 Biochem. Molec. BioL 48, 325-336). Estrogen receptor plays a pivotal role in these cancers 
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and thus controlling the expression of this gene is of paramount interest to researchers and 
clinicians. The estrogen receptor is a member of the steroid hormone receptor gene family 
that displays it's biological function as a ligand binding-dependent transcription factor. 
Tamoxifen is a nonsteroidal antiestrogen which treats all stages of breast cancer and may 
5 be used as a preventative compound in those predisposed to breast cancer (Jordan and 
Murphy, 1990, Endocr. Rev. 11; 578-610). 

Most breast tumors are initially dependent upon estrogen for growth, and the 
estrogen receptor has been a key indicator for endocrine response, prognosis and survival 
from breast cancer. The MCF-7 human breast cancer cell line expresses high levels of 

10 estrogen receptor and is responsive to the effects of added estrogen (Borras et al, 1996, J. 
Steroid Biochem. Molec. Biol 57, 203-213; Pink and Jordan, 1996, Cancer Res. 56, 2321- 
2330). They are an excellent model system to study the effects of regulation of estrogen 
receptor in breast cancer. Ribozymes and antisense oligonucleotides represent a direct 
means of affecting the levels of estrogen receptor message. In estrogen dependent cell 

15 lines, decreased amounts of estrogen receptor transcript should lower overall amounts of 
estrogen receptor protein and prevent proliferation of those cells. The effects of estrogen 
receptor on sexual differentiation of brain has been examined using antisense 
oligonucleotides (McCarthy et aL, 1993 Endocrinology 133, 433-439). This application 
documents the effects of ribozymes and antisense oligonucleotides to estrogen receptor 

20 RNA levels and proliferation in MCF-7 cells. 

Estrogen receptor may be inhibited using nucleic acid molecules, including the 
nucleic acid molecules of the present invention. Other references describe the use of 
antisense molecules to down regulate estrogen receptor RNA (Defazio et aL, 1997, Cell 
Growth Differ. 8, 903-91 1 ; Santagati et al, 1997, Mol. Endocrinol 11, 938-949; Williard 

25 et al, 1 994, Gene 1 49, 2 1 -24; Jiang & Jordan, supra). 

The nucleic acid molecules may be chemically synthesized and delivered using 
methods described above, or may be expressed within cells from eukaryotic promoters 
(e.g., Izant and Weintraub, 1985 Science 229, 345; McGarry and Lindquist, 1986 Proc. 
Natl Acad Set. USA 83, 399; Scanlon et al. 1991, Proc. Natl Acad. Sci. USA, 88, 10591- 

30 5; Kashani-Sabet et aL, 1992 Antisense Res. Dev., 2,3-15; Dropulic et al, 1992 J. Virol, 
66, 1432-41; Weerasinghe et aL, 1991 J. Virol, 65, 5531-4; Ojwang et aL, 1992 Proc. 
Natl. Acad. ScL USA 89, 10802-6; Chen et aL, 1992 Nucleic Acids Res. t 20, 4581-9; 
Sarver et aL, 1990 Science 247, 1222-1225; Thompson et aL, 1995 Nucleic Acids Res. 23, 
2259; Good et al, 1997, Gene Therapy, 4, 45; all of the references are hereby incorporated 

35 in their totality by reference herein). Those skilled in the art realize that any nucleic acid 
can be expressed in eukaryotic cells from the appropriate DNA/RNA vector. The activity 
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of such nucleic acids can be augmented by their release from the primary transcript by a 
ribozyme (Draper et al, PCT WO 93/23569, and Sullivan et al, PCT WO 94/02595; 
Ohkawae/a/., 1992 Nucleic Acids Symp. Ser., 27, 15-6; Tairaef a/„ \99l, Nucleic Acids 
Res., 19, 5125-30; Ventura et al, 1993 Nucleic Acids Res., 21, 3249-55; Chowrira et al, 
5 1994 J. Biol Chem. 269, 25856; all of the references are hereby incorporated in their 
totality by reference herein). 

One type of nucleic acid molecules known as ribozymes, which can cleave target 
molecules, are expressed from transcription units (see for example Couture et al, 1996, 
TIG., 12, 510) inserted into DNA or RNA vectors. The recombinant vectors are preferably 

10 DNA plasmids or viral vectors. Ribozyme expressing viral vectors could be constructed 
based on, but not limited to, adeno-associated virus, retrovirus, adenovirus, or alphavirus. 
Preferably, the recombinant vectors capable of expressing the ribozymes are delivered as 
described above, and persist in target cells. Alternatively, viral vectors may be used that 
provide for transient expression of ribozymes. Such vectors might be repeatedly 

15 administered as necessary. Once expressed, the ribozymes cleave the target mRNA. The 
active ribozyme contains an enzymatic center or core equivalent to those in the examples, 
and binding arms able to bind target nucleic acid molecules such that cleavage at the 
target site occurs. Other sequences may be present which do not interfere with such 
cleavage. Delivery of ribozyme expressing vectors could be systemic, such as by 

20 intravenous or intramuscular administration, by administration to target cells ex-planted 
from the patient followed by reintroduction into the patient, or by any other means that 
would allow for introduction into the desired target cell (for a review see Couture et al, 
1996, TIG, 12,510). 

In one aspect the invention features, an expression vector comprising nucleic acid 
25 sequence encoding at least one of the nucleic acid molecules of the instant invention is 
disclosed. The nucleic acid sequence encoding the nucleic acid catalyst of the instant 
invention is operable linked in a manner which allows expression of that nucleic acid 
molecule. 

In another aspect the invention features, the expression vector comprises: a 
30 transcription initiation region (e.g., eukaryotic pol I, II or III initiation region); b) a 
transcription termination region (e.g., eukaryotic pol I, II or III termination region); c) a 
gene encoding at least one of the nucleic acid catalyst of the instant invention; and wherein 
said gene is operably linked to said initiation region and said termination region, in a 
manner which allows expression and/or delivery of said nucleic acid molecule. The vector 
35 may optionally include an open reading frame (ORF) for a protein operably linked on the 
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5' side or the 3 f -side of the gene encoding the nucleic acid catalyst of the invention; and/or 
an intron (intervening sequences). 

Transcription of the ribozyme sequences are driven from a promoter for eukaryotic 
RNA polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol III). 
5 Transcripts from pol II or pol III promoters will be expressed at high levels in all cells; the 
levels of a given pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. Prokaryotic RNA 
polymerase promoters are also used, providing that the prokaryotic RNA polymerase 
enzyme is expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. 

10 Acad ScL USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21, 2867-72; 
Lieber et al., 1993 Methods Enzymol, 217, 47-66; Zhou et al, 1990 Mol Cell Biol, 10, 
4529-37). Several investigators have demonstrated that ribozymes expressed from such 
promoters can function in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense 
Res. Dev., 2, 3-15; Ojwang et al., 1992 Proc. Natl Acad. ScL USA, 89, 10802-6; Chen 

15 et al, 1992 Nucleic Acids Res., 20, 4581-9; Yu et al., 1993 Proc. Natl Acad. ScL USA, 
90,6340-4; L'Huillier et al, 1992 EMBO 1 11, 4411-8; Lisziewicz et al, 1993 Proc. 

Natlr-Acad-Sci-U-SrA—90r&000^;-^ ,2259; 

Sullenger & Cech, 1993, Science, 262, 1566). More specifically, transcription units such 
as the ones derived from genes encoding U6 small nuclear (snRNA), transfer RNA 

20 (tRNA) and adenovirus VA RNA are useful in generating high concentrations of desired 
RNA molecules such as ribozymes in cells (Thompson et al, supra; Couture and 
Stinchcomb, 1996, supra; Noonberg et al, 1994, Nucleic Acid Res., 22, 2830; Noonberg et 
al t US Patent No. 5,624,803; Good et al, 1997, Gene Ther. 4, 45; Beigelman et al, 
International PCT Publication No. WO 96/18736; all of these publications are incorporated 

25 by reference herein. The above ribozyme transcription units can be incorporated into a 
variety of vectors for introduction into mammalian cells, including but not restricted to, 
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno-associated virus 
vectors), or viral RNA vectors (such as retroviral or alphavirus vectors) (for a review see 
Couture and Stinchcomb, 1996, supra), 

30 In yet another aspect the invention features an expression vector comprising 

nucleic acid sequence encoding at least one of the catalytic nucleic acid molecule of the 
invention, in a manner which allows expression of that nucleic acid molecule. The 
expression vector comprises in one embodiment; a) a transcription initiation region; b) a 
transcription termination region; c) a gene encoding at least one said nucleic acid 

35 molecule; and wherein said gene is operably linked to said initiation region and said 
termination region, in a manner which allows expression and/or delivery of said nucleic 
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acid molecule. In another preferred embodiment the expression vector comprises: a) a 
transcription initiation region; b) a transcription termination region; c) an open reading 
frame; d) a gene encoding at least one said nucleic acid molecule, wherein said gene is 
operably linked to the 3'-end of said open reading frame; and wherein said gene is 
5 operably linked to said initiation region, said open reading frame and said termination 
region, in a manner which allows expression and/or delivery of said nucleic acid molecule. 
In yet another embodiment the expression vector comprises: a) a transcription initiation 
region; b) a transcription termination region; c) an intron; d) a gene encoding at least one 
said nucleic acid molecule; and wherein said gene is operably linked to said initiation 

10 region, said intron and said termination region, in a manner which allows expression 
and/or delivery of said nucleic acid molecule. In another embodiment, the expression 
vector comprises: a) a transcription initiation region; b) a transcription termination region; 
c) an intron; d) an open reading frame; e) a gene encoding at least one said nucleic acid 
molecule, wherein said gene is operably linked to the 3'-end of said open reading frame; 

15 and wherein said gene is operably linked to said initiation region, said intron, said open 
reading frame and said termination region, in a manner which allows expression and/or 
delivery of said nucleic acid molecule. 

Target Validation 

One of the most challenging tasks in drug discovery is the choice of a therapeutic 

20 target. Historically, traditional biochemical and other studies have offered limited 
information in this regard. However, recent advances in genomics offer the potential to 
revolutionize both the speed and certainty of therapeutic target identification. Progress in 
characterizing the genes in the human genome has been very rapid, and it is now estimated 
that the entire complement of genes in the human genome may be sequenced before the 

25 end of this century. However, this mass of information is coming to the scientific world 
without a road map. Converting pure gene sequence information into a functional 
understanding of their role in human disease is proving to be a much more difficult 
problem. Even after a group of genes is associated with a particular disease, the process of 
validating which genes are appropriate for use as therapeutic targets is often slow and 

30 costly. Most companies with genomics activities now have access to myriad partial or full 
sequences, but do not possess adequate technologies to determine which of those 
sequences is an appropriate therapeutic target. As a result, only a few genes have been 
unequivocally identified as the causative agent for a specific disease. 

The nucleic acid molecules of the present invention can inhibit gene expression in 

35 a highly specific manner by binding to and causing the cleavage of the mRNA 
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corresponding to the gene of interest, and thereby prevent production of the gene product 
(Christoffersen, Nature Biotech, 1997, 2, 483-484). Appropriate delivery vehicles can be 
combined with these nucleic acid molecules (including polymers, cationic lipids, 
liposomes and the like) and delivered to appropriate cell culture or in vivo animal disease 
5 models as described above. By monitoring inhibition of gene expression and correlation 
with phenotypic results, the relative importance of the particular gene sequence to disease 
pathology can be established. The process may be both fast and highly selective, and 
allow for the process to be used at any point in the development of the organism. The 
novel chemical composition of these nucleic acid molecules may allowed for added 
1 0 stability and therefore increased efficacy. 

Examples 

The following are non-limiting examples demonstrating the utility of the nucleic 
acid molecules of the instant invention. Those in the art will recognize that certain 
experimental conditions such as temperatures, reaction times, media conditions, 
15 transfection reagents and RNA assays are not meant to be limiting and can be readily 
modified without significantly altering the protocols. 

Example 1: Identification of Potential Nucleic Acid Molecule Binding Sites 

The sequences of target RNAs were screened for accessible sites using a computer 
folding algorithm. Regions of the mRNA that did not form secondary folding structures 
20 were identified. For ribozyme sites, regions of mRNA that did not form secondary 
structure and contained potential hammerhead and/or haripin cleavage sites were 
identified. 

Example 2: Selection of Ribozyme Cleavage Sites in Estrogen Receptor RNA 

To test whether the sites predicted by the computer-based RNA folding algorithm 

25 corresponded to accessible sites in estrogen receptor. Ribozyme target sites were chosen 
by analyzing genomic sequences of Genbank Sequence HSERR1 (Green et al., 1986, 
Nature 320, 134-139) and prioritizing the sites on the basis of folding. Ribozymes were 
designed that could bind each target (see Figure 3) and were individually analyzed by 
computer folding (Christoffersen et al, 1994 J. Mol Struc. Theochern, 311, 273; Jaeger et 

30 aL y 1989, Proc. Natl Acad Scl USA, 86, 7706) to assess whether the ribozyme sequences 
fold into the appropriate secondary structure. Those ribozymes with unfavorable 
intramolecular interactions between the binding arms and the catalytic core were 
eliminated from consideration. As noted below, varying binding arm lengths can be 
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chosen to optimize activity. Generally, at least 5 bases on each arm are able to bind to, or 
otherwise interact with, the target RNA. Hammerhead (Seq. ID. Nos.1-1245) and hairpin 
ribozymes (2491-2603) are listed in tables IV and V respectively. 

Example 3: Inhibition of c-raf RNA Targets using Nucleic Acid Molecules 
5 Prostate cancer cells (PC-3) were grown in a growth media consisting of Kaighn's 

F-12K media, 10% FBS, 1% glutamine, 20 mM HEPES, and 1% pen/strep to sutv 
confluent densities. A 4X concentration (10 |ig/mL) of GSV (Glen Research) was 
prepared from a 2 mg/mL stock solution as well as a 10|iM solution of antisense and its 
scrambled (mismatch) control. Complexes of antisense and GSV were formed in a 96 

10 well plate by channel pipetting in antisense and GSV to form complex solutions which are 
twice the final concentrations. 50 of the complex solution and 50 \xL of growth 
medium (without antibiotics) were added to PC-3 cells and incubated for 24 hours. The 
final concentrations of antisense used were 400, 200, and 100 nM, while the GSV 
concentration was held constant at 2.5 |ag/mL. PC-3 cells were then harvested with 150 

15 ^iL of RLT lysis buffer (Qiagen). RNA was purified using Qiagen's instructions and RNA 
was quantified using Taqman reagents and the 7700 Prism (Perkin Elmer) using the 
manufacturer's protocol. The c-raf RNA concentration was normalized to the c-raf RNA 
concentrations of the scrambled controls. The antisense sequence (Seq. I.D. No. 2717) 
and the data is shown in table III A and figure 5. The antisense molecules were capable of 

20 reducing c-raf RNA levels up to 80% compared to the mismatch control in PC-3 cells at 
several concentrations of antisense molecules. 

Example 4: Ribozvme in vitro Cleavage Assay 

Ribozymes and complementary substrates were synthesized as described above. 
These ribozymes can be tested for cleavage activity in vitro, for example using the 

25 following procedure. The ribozyme sequences are shown in figure 7. 

Cleavage Reactions: Full-length or partially full-length, internally-labeled target 
RNA for ribozyme cleavage assay was prepared by in vitro transcription in the presence of 
[a- 32 p] CTP, passed over a G 50 Sephadex column by spin chromatography and used as 
substrate RNA without further purification. Alternately, substrates may by 5 f -32p. en d 

30 labeled using T4 polynucleotide kinase enzyme. Assays were performed by pre-waiming 
a 2X concentration of purified ribozyme in ribozyme cleavage buffer (50 mM Tris-HCl, 
pH 7.5 at 37°C, 10 mM MgC^) and the cleavage reaction was initiated by adding the 2X 
ribozyme mix to an equal volume of substrate RNA (maximum of 1-5 nM) that was also 

o 

pre-warmed in cleavage buffer. The assays were carried out for 1 hour at 37 C using a 
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final concentration of either 1 nM ribozyme, i.e., ribozyme excess. The reaction was 
quenched by the addition of an equal volume of 95% formamide, 20 mM EDTA, 0.05% 
bromophenol blue and 0.05% xylene cyanol after which the sample was heated to 95 C for 
2 minutes, quick chilled and loaded onto a denaturing polyacrylamide gel. Substrate RNA 
5 and the specific RNA cleavage products generated by ribozyme cleavage were visualized 
on an autoradiograph of the gel. The percentage of cleavage was determined by Phosphor 
Imager® quantitation of bands representing the intact substrate and the cleavage products. 
The ribozymes were able to cleave between 1-80.8% of their complementary substrates 
after 2 hours (table VI). 

Example 5: Inhibition of Cell Proliferation Using Estrogen Receptor Targeted Ribozyme 

MCF-7 cells were were grown in a T-75 flask to 80% confluency in growth media, 
which was prepared by mixing 500 mL Alpha-MEM, 10 mL 1M Hepes, 5mL sodium 
Pyruvate, 5 mL NEAA, 5 mL L-glutamine, 250 uL 2.0 mg/ml insulin, 500 ul Gentamycin, 
and 10% FBS following by sterile filtration. 

Ribozyme and cationic lipid was mixed as described in example 4 with final 
concentrations of 20, 40, and 80 nM ribozyme and 1 ug/mL GSV. The MCF-7 cells were 
treated with serum free alpha-MEM 24 hours prior to exposure to ribozyme/transfection 
reagent complexes. The complexes were added to the cells and allowed to continously 
transfect for 1,2 , 3, 4, and 5 days. At the end of each time point, the media was removed 
off the cells and proliferation was measured using a CyQuant kit (Molecular Probes). 
Fluorescence was measured at after 10 minutes of incubation at 485 nm (excitation) and 
538 (emission). Inhibition of cellular proliferation by active ribozyme was compared to 
inactive scrambled ribozyme controls. The sequence for the active ribozyme is given as 
sequence ID. No. 2725 and the inactive scrambled control is given as Seq. ID. No. 2726. 
The chimeric enzymatic nucleic acid was able to inhibit MCF-7 cellular proliferation at all 
of the tested concentrations (figure 4). 

Example 6: Inhibition of Estrogen Receptor RNA Targets using antisense nucleic acid 
molecules 

A 5X concentrated solution of oligonucleotide ( 1|jM) and a 10X solution of GSV 
30 (25 ug/mL) (Glen Research) was made prior to complexing. The 5X oligonucleotide 
solution (8 ^L), 10X GSV solution (40 nL), and Optimem media (32 uL) were mixed 
together and incubated at 37°C for 15 minutes. Media was aspirated off the cells followed 
by the addition of 80 pL of fresh growth media (Optimem media with 10% FBS, 1% non- 
essential amino acids, 1% sodium pyruvate, 20niM HEPES, 1 |ig/mL insulin) and 20 jiL 
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of 5X complex solution. The complex was left on the cells for 20 hours and then 
harvested with 150 \iL of RLT lysis buffer (Qiagen). RNA levels were then quantified 
using Taqman reagents and the 7700 Prism (Perkin Elmer) using the manufacturer's 
protocol. This cellular delivery assay was used for several RPI targets in varying cell lines 
5 and the data is shown in table IIIA. The levels of target RNA were either normalized to 
mismatch control RNA or to an internal housekeeping gene such as actin. Antisense 
nucleic acid molecules, which are given as Seq. ID. Nos. 2718-2723, were able to knock 
down estrogen receptor RNA by varying degrees. The levels of RNA inhibition ranged 
from 48-64% depending on the antisense sequence. 

10 Example 7: Inhibition of Estropen Receptor RNA using Ribozvmes 

Ribozymes and GSV transfection reagents were mixed together using a protocol 
similar to the one found in example 6. Target RNA was purified using a Qiagen kit. RNA 
levels were then quantified using Taqman reagents and the 7700 Prism (Perkin Elmer) 
using the manufacturer's protocol. The ribozyme specific to estrogen receptor is given as 

15 sequence ID. No. 2724 and was able to inhibit the gene by 50%. 

Example 8: Inhibition of c-Raf mRNA and Cellular Proliferation Using Antisense Nucleic 
Acid Molecules 

24 Hour RNA endpoint assay: The effect of targeting intron, exon, and intron-exon 
junction sites with antisense molecules was tested on c-raf RNA using in vitro cell culture 

20 assays. Seven chimeric antisense oligonucleotides with various chemical modifications 
were tested and the results were compared to an untreated control and an oligonucleotide 
modified at every nucleotide position with a phosphorothioate modification. Prostate 
cancer cells (PC-3) were grown in growth media consisting of Kaighn's F-12K media, 
10% FBS, 1% glutamine, 20 mM HEPES, and 1% pen/strep in 96 well plates (15,000 cells 

25 per well). For the 24 hour delivery experiments, 2.5 mg/mL of GSV transfection reagent 
(Glen Research) was complexed to either 200 or 400 nM concentration of antisense 
molecules. The complex was left on the cells for 24 hours and the cells were then 
harvested with 150 ^iL of RLT lysis buffer (Qiagen). RNA levels were quantified using 
Taqman reagents and the 7700 Prism (Perkin Elmer) using the manufacturer's protocol. 

30 C-raf RNA levels were normalized to actin controls and the data is shown in Figure 8. All 
compounds demonstrated an ability to inhibit c-raf message. Of the compounds tested, 
sequence I.D. 2732, 2736 and 2737 seemed particularly effective. 

Sustained delivery RNA endpoint assay: Prostate cancer cells (PC-3) were grown in 
growth media consisting of Kaighn*s F-12K media, 10% FBS, 1% glutamine, 20 mM 
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HEPES, and 1% pen/strep in 96 well plates (15,000 cells per well). The cells were plated 
to 2500 cells per well in a 96 well plate and incubated at 37°C. Antisense nucleic acid 
molecules (Seq. LD. Nos. 2738, 2737, 2744; Table IV) and GSV transfection reagent were 
complexed as in described under example 4 to a final concentration of antisense molecules 
5 of 100, 200 or 400 nM with 1.0 ^mL of GSV transfection reagent. For seq, I.D. No. 
2744, a mismatch control with similar base composition was also tested as a control. The 
complex was left on the cells and allowed to continuously transfect for 1, 3, or 5 days. At 
the end of each time period, the cells were harvested with 150 j-iL of RLT lysis buffer 
(Qiagen); and RNA levels quantified using Taqman reagents and the 7700 Prism (Perkin 

10 Elmer) using the manufacturer's protocol. The inhibition of c-raf expression by molecules 
represented by Seq. LD. Nos. 2738, 2737, and 2744 (table IV) are shown in Figures 9, 10, 
and 1 1 respectively. All three of these molecules demonstrated the ability to reduce c-raf 
RNA between 60-90% compared to the untreated control. 

Proliferation Assay: Chimeric oligonucleotides and delivery reagents were mixed 

15 as described in example 6 where the final concentration of antisense oligonucleotide is 200 
nM (Seq. LD. No.2738 and 2741) and GSV is 1 jig/mL. A mismatch antisense control was 
also tested (Seq. LD. No. 2739) in this experiment. The MCF-7 cells were treated with 
serum free alpha-MEM 24 hours prior to exposure to antisense/transfection reagent 
complexes. The complexes were added to the cells and allowed to continuously transfect 

20 for 1, 3, or 5 days. At the end of each time point, the media was removed off the cells and 
proliferation was measured using a CyQuant kit (Molecular Probes). Fluorescence was 
measured after 10 minutes of incubation at 485 nm (excitation) and 538 (emission). 
Inhibition of cellular proliferation by active oligonucleotide was compared to scrambled 
mismatch controls. The antisense molecules targeting c-raf mRNA were able to inhibit 

25 cellular proliferation by up to 55%. 

Varying Chemical Modifications: Referring to Figure 13 and Table IV, alterations 
of the chemical composition of antisense molecules were made while keeping the 
oligonucleotide sequence constant. All of the sequences were the same except for the 
mismatch controls and Seq. LD. Nos. 2738 and 2739 (table IV) which were two 

30 nucleotides shorter than the others. Antisense molecules and GSV transfection reagent 
were mixed using the protocol described under example 6. The complexes were added to 
the cells and allowed to continuously transfect for 24 hours. The cells were then harvested 
with 150 jjL of RLT lysis buffer (Qiagen). RNA levels were then quantified using 
Taqman reagents and the 7700 Prism (Perkin Elmer) using the manufacturer's protocol. 

35 All c-raf levels were normalized using actin RNA as a control. Referring to Figure 13, 
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antisense molecules which utilized phosphorothioate modifications, inverted abasic caps, 
2 , -0-methyl or 2 T -0-methylthiomethyl modifications inhibit c-raf mRNA. 

Dose dependent Inhibition: 0, 50, 100 150, and 200 nM of antisense molecules 
(seq. I.D. No. 2738 or 2737) were mixed with mismatch control antisense molecules to 
5 give a final antisense/mismatch antisense concentration of 200nM for each sample. The 
antisense nucleic acid and GSV were complexed as in example 6 with a final GSV 
transfection reagent concentration at 2,5 ng/mL. The complexes were added to the cells 
and allowed to continuously transfect for 24 hours. At the end of each time period, the 
cells were harvested with 150 ^L of RLT lysis buffer (Qiagen). RNA levels were then 
10 quantified using Taqman reagents and the 7700 Prism (Perkin Elmer) using the 
manufacturer's protocol. All c-raf levels were normalized using actin RNA as a control. 
The results (Figure 14) show that c-raf is inhibited in a dose dependent manner and that 
the IC50 is approximately 35 nM for each of the antisense molecules. 

Example 9: Ribonuclease Protection Assay of MCF-7 Cells treated with Antisense Nucleic 

15 Acid Molecules Targeting BCL-2 

MCF-7 cells were plated in RPMI 1640 (10% FBS, 1% 1-glutamine, 20 mM 
HEPES) at 100,000 cells per well for 24 hours. On the following day, the cells were 
treated with 150 nM of antisense nucleic acid molecules (Seq. I.D. Nos. 2749-2753; Table 
VIII) complexed with 5.4 \xM of LipofectAMINE (LFA) for 4 hours. The antisense/LFA 

20 complex was then aspirated off and fresh RPMI 1640 media was added to the cells. 24 
hours later the cells were harvested using RLT lysis buffer (Qiagen). A ribonuclease 
protection assay (Ambion) was then performed using the manufacturers protocol to 
quantitate RNA levels and then harvested with 150 (iL of RLT lysis buffer (Qiagen). 
RNA levels were then quantified using Taqman reagents and the 7700 Prism (Perkin 

25 Elmer) using the manufacturer's protocol. Bcl-2 RNA levels were normalized to GAPDH 
controls and is shown in Figure 15. The antisense oligonucleotides specifically inhibited 
Bcl-2 expression in MCF-7 cells. 

Example 10: Inhibition of k-ras in DLD-1 Cells 

96-well plates with DLD-1 cells at 10,000 cells per well were plated in complete 
30 RPMI 1640 media ((10% FBS, 1% 1-glutamine, 20 mM HEPES, 1% pen/strep). Antisense 
molecules (Seq. LD. Nos. 2754-2757; Table VIII) were complexed with GSV transfection 
reagent (Glen Research) using the method described in example 6. The final 
concentrations delivered to the cells were 200 nM antisense oligonucleotide and 1.25 
[ig/mL of GSV. The complex was added to the cells for 26 hours and at the end of the 
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time period, the cells were harvested with 150 ^.L of RLT lysis buffer (Qiagen). RNA 
levels were then quantified using Taqnian reagents and the 7700 Prism (Perkin Elmer) 
using the manufacturer's protocol. All k-ras levels were normalized using actin RNA as a 
control. The data (Figure 16) demonstrates that the antisense molecules can inhibit 
5 approximately 50-90% k-ras expression compared to the untreated or mismatch controls. 

Example 11: Inhibition of Estrogen Receptor rnRNA Using Antisense Molecules of 
varying Chemical Composition 

Alteration of the chemical composition of antisense molecules were made while 
keeping the oligonucleotide sequence constant. All of the sequences (Table VII: Seq. LD. 

1 0 Nos. 2758, 2760, 2762, 2764, 2766, 2768) were the same except for the mismatch controls 
(Table VII: Seq. LD. Nos. 2759, 2761, 2763, 2765, 2767, 2769). Antisense molecules and 
GSV transfection reagent was mixed using the protocol described in example 6. The 
complexes were added to MCF-7 cells and allowed to continuously transfect for 24 hours. 
The cells were harvested with 150 of RLT lysis buffer (Qiagen). RNA levels were 

15 then quantified using Taqman reagents and the 7700 Prism (Perkin Elmer) using the 
manufacturer's protocol. All estrogen receptor mRNA levels were normalized using actin 
RNA as a control. The antisense molecules which included phosphorothioate 
modifications, inverted abasic caps, 2 1 -0-methyl or 2'-0-methylthiomethyl modifications 
appeared to decrease estrogen receptor RNA (Figure 17). 

20 Example 12: Synthesis of S'-deoxvO'-thio Guanosine and it's 3'-Thiophosphoramidite 

Referring to Figures 18, Applicant has developed an efficient method for the 
synthesis of 3'-deoxy-3'-thio guanosine (13) and its 3'-thiophosphoramidite 23 from 
guanosine. Reaction of suitably protected guanosine with a-acetoxyisobutyryl bromide 
(a-AIBBr) afforded stereoselectively 3 ' -deoxy-3 ' -bromo-2 ' -Oacety 1-b-D-xy lofiiranosy 1 

25 derivative 3 which was converted into the 7:3 mixture of 5-acyl ribofuranosyl derivatives 
5 (or 6) and 3\4'-unsaturated derivative 4. 5-acylated derivatives 5 and 6 were then 
converted in three steps into S'-deoxy-S'-S-pyridylsulfanyl-S'-O-^,^- 
dimethoxytrityl)guanosine (11) which served as a common intermediate for the 
preparation of free nucleoside 13 and 3'-thiophosphoramidite 23. 

30 Oligonucleotides containing 3'-S-phosphorothiolate linkage have attracted 

increasing interest as probes for studying the interaction of nucleic acids and their 
processing enzymes. In particular these analogs have been used in revealing the 
involvement of metal ions in phosphoester transfer reactions catalyzed by RNA (Piccirilli 
et al, J. Am. Chem. Soc. 1996, 118, 10341) and ribonucleoprotein enzymes (Sontheimer 
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et al, Nature 1997, 308, 801). The synthesis of 3'-S-phosphorothiolate linked 
deoxyribodinucleotides have been reported using solution chemistry and solid phase 
chemistry (Cosstick et al, Nucleic Acids. Res. 1990, 75, 829; Li et al, Tetrahedron 1992, 
48, 2729; Li et al, J. Chem. Soc. Perkin Trans. 1 1994, 2123; Vyle et al. t Biochemistry 
5 1992, 31, 3012). 

The synthesis of ribonucleotide 3'-S-phosporothiolate analogs has been limited to 
the preparation of UspU (Liu et al, Tetrahedron Lett. 1996, 57, 925) and IspU 
(Weinstein et al, J. Am. Chem. Soc. 1996, 775, 10341) dimers using solution chemistry. 
Recently, Sun et al. (RNA 1997, J, 1352) described direct incorporation of 3'-S- 

10 phosphorothioamidites into RNA using standard phosphoramidite solid phase synthesis. 

One general approach to the synthesis of 3'-thio ribonucleosides involves 
preparation of 3-thio ribose derivative, followed by the attachment of the desired 
nucleoside base (Ryan et al, J. Org. Chem. 1968, 33, 1783; Cao, et al, Bioorg. Med. 
Chem. Lett. 1994, 4, 807). While glycosylation reactions using pyrimidines proceed in 

15 high yields, purine bases generally give more complex mixtures because both N-7 and N- 
9 of the purine base are reactive towards glycosylation. Sun et al, supra, reported the first 
synthesis of 3'-thio guanosine derivatives using the above described approach. Coupling 
of per-acylated 3'-thioribose with persilylated A^-acetylguanine proceeded in ca 40% 
yield and subsequent synthetic steps proceeded in a low overall yield. 

20 Synthesis of 3'-thio adenosine (Mengel, et al, Tetrahedron Lett. 1977,1 177), 3'- 

thio uridine (Liu et al t 1996 supra) and 3'-thio inosine (Higson et al, Tetrahedron 
1996, 52, 1027) all starting from preformed nucleosides are also reported. 

Applicant describes a novel and improved process for the synthesis of 3'-deoxy-3'- 
thio guanosine (13) and its phosphoramidite 23 from guanosine as a starting material. It 

25 was recently reported (He et al, Tetrahedron Lett. 1995, JP, 6991) that the reaction of 
A#-(dimethylaminomethylene)-guanosine 1 with a-AIBBr (the Mattocks-Moffatt reagent; 
Russell et al, J. Am. Chem Soc. 1973,95, 4025) proceeded stereoselectively yielding 
exclusively 3'-bromo-3'-deoxy-b-l>xylofuranosyl derivative. In general, reactions of 
base-unprotected purine nucleosides with this reagent result in the mixtures of trans bromo 

30 acetates of xylo- and arabino- configuration. Applicant used this reaction on the suitably 
5'-protected A#-(dimethylaminomethylene)guanosine derivative 2 (Scheme 1; Figure 18). 
5'- protection in 2 helps to reduce the complexity of reaction products by eliminating 
possible formation of the mixture of 5'-OH, 5'-(2,5,5-trimethyl-l,3-dioxolan-4-on-yl) 
and/or S'-Oacylated derivatives in reaction with a-AIBBr. This way, identification of the 

35 reaction products becomes straightforward. Applicant has chosen the /-butyldiphenylsilyl 
(TBDPS) protection because of its relatively high stability towards acidic conditions 
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required during the reaction with a-AIBBr in moist acetonitrile. This group is also 
expected to undergo selective cleavage in the presence of S-acyl groups. Reaction of 1 
with TBDPS-C1 proceeded quantitatively to afford the 5*-0-silyl derivative 2 which 
reacted smoothly with a-AIBBr yielding the desired 3*-bromo-3'-deoxy-b-D-xylofuranosyl 
5 derivative 3 in a high yield. Reaction of 3 with potassium thioacetate or potassium 
thiobenzoate yielded the 3'-S-Ac or V-S-Bz derivatives 5 and 6, respectively, along with 
3\4' -unsaturated derivative 4. The latter is formed by competing elimination reaction. 
The ratio was 7:3 in favor of the substitution products 5 and 6 which could not be 
separated from the elimination product 4 at this stage. The mixture of 4 and 5 (or 4 and 6) 

10 was treated with tetrabutylammonium fluoride (TBAF) buffered with an excess of acetic 
acid; following chromatographic separation the desired 5' de-protected derivative 7 was 
obtained in a good yield. The unsaturated derivative 4 was unstable under the acidic 
reaction conditions and could not be isolated in a pure state by silica gel column 
chromatography. When triethylamine trihydrofluoride (TEAOHF) reagent was used for 

1 5 deprotection, desily lation did not proceed to completion. 

It is desirable to keep guanosine derivatives protected with lipophylic groups 
during synthetic transformations because of the solubility problems encountered with 
unprotected derivatives. For that reason 7 and 8 were re-protected in high yields with 
4,4'-dimethoxytrityl (DMT) group to give the fully protected derivatives 9 and 10, 

20 respectively. DMT group provided a hydrophobic tag which simplified work-up and 
purification of subsequent synthetic intermediates. Next, 9 and 10 were converted into S- 
(pyridyl-2-disulfanyl) derivative 11 using aqueous methylamine followed by the disulfide 
exchange reaction with 2,2 , -dipyridyl disulfide. It is reported that the removal of 2'-0- 
acyl protection in ribofiiranosyl derivatives similar to 9 and 10 proceeds with difficulty. 

25 Applicant found that 40% aqueous methylamine easily removed all acyl protecting groups 
from 9 and 10 and was the base of choice because, contrary to aqueous ammonia, it 
completely solubilised the fully protected substrates. In situ protection of SH as S-pyridyl- 
2-disulfanyl derivative was achieved using 2,2'-dipyridyl disulfide in DMF to afford 11 in 
85% yield for these two steps. 

30 In order to synthesize the free nucleoside, 13, 11 was treated with dithiothreitol 

(DTT) in chloroform. When triethylamine was added to the reaction mixture the reaction 
was faster than in it's absence but at the same time 12 was converted into its 5-TEA salt. 
Final deprotection of the DMT group of 12 was achieved with IN HC1 in methanol in the 
presence of DTT which quenched the released DMT-cation. In the absence of DTT, 

35 quantitative S-alkylation took place. Applicant is the first to report on the synthesis of the 
guanosine 3'-thio analog 13. When unbuffered TBAF in THF was used to desilylate the 
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mixture of 4 and 5, S-Ac protecting group was also removed leading to formation of the 
disulfide 14 (Scheme 2; Figure 19). Under these conditions the 3', 4* -unsaturated 
derivative 15 remained intact and was separated from 14 by silica gel column 
chromatography. Products were invariably contaminated with TBAF. Attempted 
5 rechromatography of 15 led to its decomposition, though. Disulfide 14 was 5'-DMT 
protected to afford 16. 

The selective removal of the 3* -acetyl group of 16 (Scheme 2; Figure 19), 
followed by the introduction of 2'-0-/-butyldimethylsilyl (TBDMS) protection, then 
reduction of 3' -disulfide and 3'-phosphitylation would be the shortest way to prepare the 

10 desired 3'-thiophosphoramidite building block. Reactions of 16 with mild deacylating 
agents like basic ion exchangers in OH' or CN* form selectively removed 2'-0-acetyl 
protection, but at the same time nucleoside was strongly absorbed on the resin, resulting in 
low recoveries. Applicant used basic treatment followed by 5-protection with S-pyridyl 
group, as used for the preparation of the S-pyridyl-2-disulfanyl derivative 11 from 5- 

15 acylated 9 and 10. In this manner 11 was obtained from the disulfide 16 in 67% yield. 

The phosphoramidite synthesis is shown in Scheme 3 (Figure 20),^ Reaction of 11 . 

with A^-dimethylformamide dimethyl acetal yielded the desired TV-protected derivative 
18 in 23% yield. Unfortunately, this reagent also effected the cleavage of the S-pyridyl 
protection leading to formation of disulfide 17 in 33% yield. 18 was smoothly 2' 

20 protected with TBDMS group using /-butyldimethylsilyl trifluoromethanesulfonate 
(TBDMS-Tf)- Alternatively, 11 was silylated with TBDMS-C1 to afford 20 and then N- 
protected using isobutyric anhydride (/-Bu 2 0) in the presence of 4-dimethylaminopyridine 
(DMAP) yielding the fully protected 21. In the absence of DMAP only starting material 
was recovered. On the other hand, reaction of 20 with isobutyryl chloride led to A^-bis- 

25 acylation. Reduction of 21 with DTT afforded 3*-SH derivative 22, which appeared as a 
mixture of two rotamers in ] H NMR. Resonances of the major rotamer were in 
accordance with the ones reported by Sun et al Phosphitylation of 22 under standard 
conditions afforded 3'-thiophosphoramidite 23. Applicant has described an efficient 
synthesis of 3'-deoxy-3'-thio guanosine. Keeping all synthetic intermediates protected 

30 with lipophylic groups enabled their chromatographic purification and, consequently, a 
good recovery of the products. 

Experimental Section 

General. All reactions were carried out under a positive pressure of argon in 
anhydrous solvents. Commercially available reagents and anhydrous solvents were used 
35 without further purification. l H (400.075 MHz) and 3l P (16L947 MHz) NMR spectra 
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were recorded in CDCI3, unless stated otherwise, and chemical shifts in ppm refer to TMS 
and H3P04, respectively. Analytical thin-layer chromatography (TLC) was performed 
with Merck Art.5554 Kieselgel 60 F254 plates and flash column chromatography using 
Merck 0.040-0.063 mm silica gel 60. Mass spectra were obtained by fast atom 
5 bombardment method. 

S^O-r-Butyldiphenylsilyl-^^dimethylaminomethyleneJguanosine (2). To a 
stirred solution of A G -(dimethylaminomethylene)guanosine (1) (5.5 g, 16.3 mmol) in 
pyridine (100 mL) f-butyldiphenylsilyl chloride (6.2 ml, 23.8 mmol) was added under 
argon. The reaction mixture was stirred at rt for 16 h, then quenched with methanol ( 20 

10 ml) and evaporated to a syrup in vacuo. The residue was crystallized from ethanol-ether ( 
9 g, 96%), mp, ! H NMR (DMSO-d 6 + D 2 0) d 8.46 (s, 1H, CH=N), 7.89 (s, 1H, H-8), 
7.58-7.31 (m, 10H, Ph), 5.81 (d, J r , 2 >=4.8, 1H, H-l'), 4.46 (app t, J 2V >=4.8, 1H, H-2*), 
4.23 (app t, 13.^=5.0, 1H, H-3'), 3.97 (m, 1H, H-4'), 3.84 (dd, J 5 ' >4 .=2.8, J 5 > j5 «=12.0, 1H, 
H-5 5 ), 3.74 (dd, J 5 » 4 >=4.4, J 5 », 5 =12.0, 1H, H-5"), 3.05 (s, 3H, Me), 2.97 (s, 3H, Me), 0.94 

15 (s, 9H, /-Bu), HRMS (FAB + ) calcd for C 2 9H 36 N 6 0 5 Si (MH + ): calc 577.2595, found 
577.26095. 

l-(2-0-AcetyI-5-0^ButyIdiphenylsilyl-3-d^ 
A^-(dimethylaminomethy]ene)guanosine (3), To a cooled (0 °C) solution of 2 (5.8 g, 10 
mmol) and water (0.12 ml) in acetonitrile (130 ml) a-acetoxyisobutyryl bromide (5.56 ml, 

20 38 mmol) was added and the mixture was stirred at rt for 3 h. The solution was poured 
into saturated aq. NaHC0 3 (100 mL) and extracted with CH 2 C1 2 (3 x 200 mL). The 
combined organic layers were dried (Na 2 S0 4 ) and concentrated to give 
chromatographically pure white foam (6 g, 87%), J H NMR d 8.97 (br s, 1H, NH), 8.62 (s, 
1H, CH=N), 7.82 (s, 1H, H-8), 7.73-7.31 (m, 10H, Ph), 6.09 (s, 1H, H-2'), 5.92 (d, 

25 J ri2 .=1.6, 1H, H-l'), 4.42 (m, 1H, H-4'), 4.36 (m, 1H, H-3'), 4.06 (dd, J 5 - f4 .«5.6, 
j 5 , (5 „=10.4, 1H, H-5'), 3.97 (dd, J 5V ^6.4, J 5 " 5 >=10.4, 1H, H-5"), 3.17 (s, 3H, tf-Me), 
3.07 (s, 3H, tf-Me), 2.19 (s, 3H, O-Ac), 1.07 (s, 9H, /-Bu), HRMS (FAB+) calcd for 
C 31 H37BrN 6 0 5 Si (MH + ): calc 681.1856, found 681.1850. 

l-(2-0-Acetyl-5-0-/-butyldiphenylsilyl-3-deoxy- b -D-^(ycero-pent-3- 

30 enofuranosyl-A^-(dimethyIaminomethyIene)guanosine (4) and 2 , -0-acetyI-5'-0-/- 
butyldiphenyl-silyl-3 , ^eoxy-3 , -S'-thioace^ 

(5), 3 (5.4 g, 7.9 mmol) was dissolved in dry DMF (50 ml) and potassium thioacetate (2.7 
g, 23.6 mmol) was added to the solution. The reaction mixture was stirred at 60 °C for 16 
h and then evaporated to a syrup under reduced pressure. The residue was partitioned 
35 between aq. NaHC0 3 -brine 1:1 solution and dichloromethane, the organic layer was dried 
(Na 2 S0 4 ), evaporated to dryness and chromatographed on the column of silicagel using 2- 
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10% gradient of methanol in dichloromethane 4 and 5 co-eluted yielding, after 
evaporation, a yellowish foam (4.8 g). 'H NMR indicated a 3:7 ratio of 4 to 5. 

When potassium thiobenzoate was used instead of potassium thioacetate an 
inseparable mixture of 4 and I'-O-acetyl-S'-O-Z-butyldiphenylsilyl-S'-deoxy-S'-iS- 
5 thiobenzoyl-A r2 (dimethyIaminomethylene)guanosine (6) was obtained in a similar yield 
and ratio to the unsaturated derivative 4 as above. 

I'-O-Acetyl^'-deoxy-S'-^-thioacetyl-A^Cdimethylaminomethylene) guanosine 
(7). The above mixture of 4 an 5 (0.9 g) was dissolved in THF (15 ml) and acetic acid 
(0.37 ml, 6.5 mmol) was added followed by TBAF-3H 2 0 (0.82 g, 2.6 mmol). The 

10 reaction mixture was stirred at rt for 5 h, then diluted with dichloromethane, washed with 
water and 10% aq. NaHC0 3 . Aqueous layers were back- washed with dichloromethane, 
organic layers were combined, dried (Na 2 S0 4 ) and evaporated to dryness. Silica gel 
column chromatography using 2-10% gradient of methanol in dichloromethane afforded 7 
as a yellowish foam (300 mg, ca 74%), "H NMR d 8.87 (br s, 1H, NH), 8.78 (s, 1H, 

15 CH=N), 7.73 (s, 1H, H-8), 5.80 (d, J r , 2 ' = 2.0, 1H, H-l'), 5.76 (dd, J r>r =2.0, J r>r =6.4, 
1H, H-2'), 4.94 (dd, J 3 ' )2 >=6.4, J 3 ^«=9.6, 1H, H-3'), 4.22 (d, J 4 > )3 '=9.6, 1H, H-4'), 4.04 (br 
s, 1H, 5'-OH), 3.99 (d, J 5 > f5 »=12.0, 1H, H-5'), 3.71 (d, J 5 » j5 >=12.0, 1H, H-5"), 3.19 (s, 3H, 
tf-Me), 3.04 (s, 3H, tf-Me), 2.34 (s, 3H, 5-Ac), 2.13 (s, 3H, OAc), HRMS (FAB + ) calcd 
for C, 7 H 22 N 6 0 6 S (MH + ): 439.1355, found 439.1405. 

20 Z'-O-Acetyl-S^-deoxy-S'-S-thiobenzoyl-A^Cdimethylaminomethylene) 

guanosine (8). Using the same procedure as above, 8 was synthesized from the mixture of 
4 and 6 in ca 70% yield, ! H NMR d 8.90 (br s, 1H, NH), 8.57 (brs, 1H, NH), 7.69 (s, 1H, 
H-8), 5.88 (m, 2H, H-l\H-2'), 5.30 (m, 1H, H-3'), 4.34 (d, J 4 > >3 >=9.2, 1H, H-4'), 4.04 (d, 
J 5 . i5 -12.8, 1H, H5'), 3.80 (dd, J 5 »,oh=9.6, J 5 « 5 -12.8, 1H, H-5"), 3.69 (br s, 1H, 5'- 

25 OH), 3.25 (s, 3H, tf-Me), 3.10 (s, 3H, tf-Me), 2.16 (s, 3H, O-Ac), HRMS (FAB+) calcd 
for C 17 H 22 N 6 0 6 S (MH + ): 501.1556, found 501.1561. 

2 , -0-AcetyI-3'-deoxy-3 , -£-tMoac^^ 
A^(dimethylamino-methylene)guanosine (9). 7 (720 mg, 1.64 mmol) was dissolved in 
dry pyridine (15 ml) and DMT-C1 (1.1 g, 3.3 mmol) was added. The reaction mixture 

30 was stirred at rt for 4 h, qenched with methanol and evaporated to a syrup which was 
partitioned between 5% aq. NaHC0 3 and CH 2 C1 2 . Organic layer was washed with brine, 
dried (Na 2 S0 4 ) and evaporated to dryness in vacuo. The residue was purified by silica gel 
column chromatography using 1 -5% gradient of methanol in dichloromethane to yield the 
product as a colorless foam (0.85 g, 70%), 'H NMR d 8.69 (s, 1H, CH=N), 8.58 (br s, 1H, 

35 NH), 7.69 (s, 1H, H-8), 7.38-6.74 (m, 13H, H-8, aromatic), 6.06 (dd, J 2 * t3 >=6.4, J 2 \i'=1.2, 
1H, H-2'), 5.82 (d, Jr, 2 '=1.2, 1H, H-l'), 4.73 (dd, J 3vr =10.6, J 3 -^6.4, 1H, H-3'), 4.21 
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(dq, J 4 . 3 =10.6, J 4 - >5 -3.0, J 4 .. 5 "=4.4, 1H, H-4'), 3.78 (s, 6H, 2xOMe>, 3.36 (m, 2H, H-5\ H- 
5"), 3.07 (s, 3H, N-Mc), 3.05 (s, 3H, N-Me), 2.26 (s, 3H, S-Ac), 2.15 (s, 3H, O-Ac), 
HRMS (FAB+) calcd for C 38 H 40 N 6 O 8 S (MH + ): 741.2707, found 741.2692. 
I'-O-Acetyl-S'-deoxy-S'-^-thiobenzoyl-S'-O^^'-dimethoxytrityl)- 
5 A /2 (dimethyl-aminometbyIene)guanosine (10). Using similar procedure as described 
above, 8 was converted into 10 in 69% yield, >H NMR d 8.80 (s, 1H, CH=N), 8.65 (br s, 
1H, NH), 7.70 (s, 1H, H-8), 7.88-6.66 (m, 19H, aromatic), 6.17 (d, J 2 - ) 3'=5.8, 1H, H-2'), 
5.86 (d, Jr,2 1= l-2, 1H, H-l'), 5.08 (dd, J 3 ., 4 .=10.4, J 3 ., 2 .=5.8, 1H, H-3'), 4.31 (m, 1H, H- 
4'), 3.67 (s, 6H, 2xOMe), 3.45 (m, 2H, H-5', H-5"), 3.06 (s, 6H, 2XAf-Me) 2.15 (s, 3H, O- 

10 Ac), HRMS (FAB+) calcd for C 43 H 42 N 6 0 8 S (MH + ): 803.2863, found 803.2855. 

3 , -Deoxy-3 , ->S , -pyridylsulfanyl-5 , -0-(4,4 , -diniethoxytrityl)-guanosine (11). A. 9 
(530 mg, 0.38 mmol) was dissolved in 40% aqueous methylamine (50 ml) and the mixture 
is kept at rt for 16 h. The solvent is removed in vacuo and the residual syrup dissolved in 
argon purged DMF (30 ml) containing 2,2'-dipyridyl disulfide (340 mg, 1 .54 mmol). The 

15 reaction mixture is heated at 60 °C for 10 h and then evaporated to a syrup in vacuo. 
Column chromatography on silica gel using 1-12% gradient of methanol in 
dichloromethane afforded 11 as a colorless solid (460 mg, 85%), 'H NMR d 10.64 (br s, 
1H, NH), 8.39 (m, 1H, Pyr), 7.83 (s, 1H, H-8), 7.73-6.72 (m, 16H, aromatic), 6.50 (d, 
Joh.2'=4-80, 1H, OH-2'), 6.45 (br s, 2H, NH 2 ), 5.81 (d, J r> 2 .=2.4, 1H, H-l'), 4.83 (m, 1H, 

20 H-2'), 4.34 (m, 1H, H-4'), 4.09 (dd, J 3 . 2 =6.00, J 3 .. 4 .=7.8, 1H, H-3'), 3.70 (s, 6H, 2XOMe), 
3.11 (dd, J 5 . i5 -=11.2, J 5 .. i4 .=4.8, 1H, H-5"), HRMS (FAB+) calcd for C 36 H 34 N 6 0 6 S 2 
(MH + ): 711.2060, found 711.2076. 

B. Using the same procedure as above, but starting from S-benzoyl derivative 
10, 11 was prepared in 80% yield. 

25 C. Starting from 16 (830 mg, 1.12 mmol) and using the above conditions 

11 (570 mg, 67%) was obtained . 

S'-Deoxy-J'-thio-S'-O^^'-dimethoxytrityO-guanosine (12). To the solution of 
11 (240 mg, 0.34 mmol) in chloroform (14 ml) dithiothreitol (DTT) (125 mg, 0.81 mmol) 
was added and the reaction mixture was stirred at rt for 3 h. It was then evaporated to a 

30 syrup in vacuo, and the product was precipitated by addition of peroxide-free ether, 
precipitate was filtered off, washed with ether and dried (230 mg of the crude material), 
"H NMR (DMSO-de) d 10.63 (br s, 1H, NH), 7.86 (s, 1H, H-8), 7.32-6.80 (m, 13H, 
aromatic), 6.49 (br s, 2H, NH 2 ), 5.81 (s, 1H, H-l'), 4.43 (d, J r r =4.8, 1H, H-2'), 3.93 (m, 
1H, H-4'), 3.79 (dd, J 32 -=4.8, J 3 . ;4 ^9.6, 1H, H-3'), 3.71 (s, 6H, 2XOMe), 3.16 (dd, 

35 J r 5 =10.4, J 5 .. <4 .=4.8, 1H, H-5"). 
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S'-Deoxy-SMhio-guanosine (13), The mixture of the crude 12 (230 mg, 0.33 
mmol) and DTT (150 mg) was dissolved in 1 N methanolic HC1 (12 ml) and the reaction 
mixture was kept at rt for 3 h. It was then concentrated in vacuo and the residue 
coevaporated with toluene two times. Addition of ethyl acetate afforded precipitate which 
5 was filtered off, washed well with ethyl acetate and dried to afford 13 (90 mg, 79%). The 
product was reprecipitated from water, 'H NMR (CD 3 OD) d 8.10 (s, 1H, H-8), 5,91 (s, 
1H, H-l'), 4.37 (d, jr r =5.2, 1H, H-2'), 3.97 (m, 2H, H-4', H-5'), 3.82 (dd, J 5 ^ 5 .=13.0, 
J 5V ,<-3.4, 1H, H-5"), 3.64 (dd, Jy. 2 '=5.2, J ?1 ^=9.6, 1H, H-3'), HRMS (FAB + ) calcd for 
C10H13N5O4S (MH + ): 300.0767, found 300.0767. 
10 Bis (2-0-acetyl-A^-(dimethylaminomethylene)guanosin-3-yl)disulfide (14 ) and 

1- (2-0-acetyI-3-deoxy- b -D-^/v^ro-pent-3-enofuranosyI)-A^-(dimethyl- 
aminomethylene) guanosine (15 ). The mixture of 4 and 5 (4.8 g) was dissolved in THF 
(100 mL) and 1M TBAF in THF (10 mL) was added. The reaction mixture was stirred for 
3 h at rt and then evaporated to a syrup in vacuo. Silica gel column chromatography using 

15 2-10% gradient of methanol in dichloromethane yielded the faster eluting 15 (1 g, 35% for 
two steps from 3, colorless foam), 'H NMR d 8.96 (br s, 1H, NH), 8.57 (s, 1H, CH=N), 
7.65 (s, 1H, H-8), 6.41 (s, 1H, H-2 5 ), 6.04 (s, 1H, H-l'), 5.42 (m, 1H, H-3'), 4.32 (m, 2H, 
H-5\H-5"), 3.19 (s, 3H, JV-Me), 3.06 (s, 3H, tf-Me), 2.1 1 (s, 3H, Ac). The slower eluting 
14 was obtained as a yellowish solid (0.9 g, 29% for two steps), 'H NMR (DMSO-d 6 ) d 

20 1 1.34 (br s, 1H, NH), 8.53 (s, 1H, CH=N), 8.00 (s, 1H, H-8), 5.97 (d, J r>2 '=2.4, 1H, H-l'), 
5.89 (dd, J 2 ',r=2.4, J^-6.0, 1H, H-2'), 5.23 (t, Joh.5'^.6, 1H, 5*-OH), 4.1 1 (m, 1H, H- 
4'), 4.02 (dd, J 3 > j2 ^6.0, J 3M >=8.4, 1H, H-3>), 3.78 (dm, J 5 > i5 »=12.0, 1H, H-5'), 3.60 (dm, 
J 5 » 5-12.0, lH,H-5"), 3.10 (s, 3H, AT-Me), 3.00 (s, 3H, 7V-Me), 2.06 (s, 3H, 0-Ac), 
HRMS (FAB+) calcd for C 3 oH3 8 N, 2 0 10 S2 (MH + ): 791.2354, found 791.2355. 

25 Bis (I-O-acetyl-S-O^^'dimethoxytrity^-i^^dimethylaminomethylene) gua- 

nosin-3-yI) disulfide (16). To the solution of 14 (400 mg, 0.5 mmol) in dry pyridine (10 
ml) DMT-C1 (508 mg, 1.5 mmol) was added and the mixture was stirred 4 h at rt. 
Methanol (10 ml) was added and the solution evaporated to dryness. The residue is 
partitioned between saturated NaHC0 3 and dichloromethane, organic layer washed with 

30 brine, dried (Na 2 S04) and evaporated to a syrup. Silica gel column chromatography using 

2- 10% gradient of methanol in dichloromethane yielded product as a yellowish foam (620 
mg, 71% yield), 'H NMR d 8.72 (br s, 1H, NH), 8.01 (s, 1H, CH=N), 7.48-7.21 (m, 14H, 
H-8, aromatic), 6.25 (d, J 2 . )3 '=4.8, 1H, H-2'), 5.78 (s, 1H, H-l'), 4.00 (m, 2H S H-3', H-4'), 
3.78 (s, 6H, 2xOMe), 3.50 (br s, 2H, H-5',H-5 M ), 3.14 (s, 3H, tf-Me), 3.13 (s, 3H, AT-Me), 

35 1.82 (s, 3H, 0-Ac), HRMS (FAB + ) calcd for C72H74N12014S2 (MH+): 1395.4967, 
found 1395.4943. 
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Bis (5-0-(4 9 4 v dimethosytrityl)-A^-(dimethylamiiioinethylene) guanosin-3-yl)- 
disulfide (17). A. 16 (60 mg, 0.04 mmol) is dissolved in dry methanol and ion exchange 
resin AG 1X8 (OH') (1 g) is added. The mixture was stirred at 55 °C for 16 h, the resin 
was filtered off and washed well with hot methanol. The filtrate was evaporated to 
5 dryness in vacuo yielding pure 17 as a colorless solid (16 mg, 28%), ! H NMR (DMSO-d^) 
d 11.34 (br s, 1H, NH), 8.48 (s, 1H, CH=N), 7.92 (s, 1H, H-8), 7.31-6.73 (m, 13H, 
aromatic), 6.27 (d, J 0 h,2 ,== 5.2, 1H, 2'-OH), 5.88 (d, J r 2 -=1.2, 1H, H-l'), 4.60 (m,lH, H- 
2'), 4.16 (m, 1H, H-4'), 4.08 (m, 1H, H-3'), 3.65 (s, 6H, 2XOMe), 3.65 (m, 2H, H-5', H- 
5"), 3.02 (s, 3H, N-Me), 2.97 (s, 3H 5 W-Me), HRMS (FAB + ) calcd for C 68 H7oN I2 0,2S 2 

10 (MH+): 13 11.4756, found 1311.4746. 

B. Using Amberlyst A-26 (CN*) under the the above reaction conditions, 17 
was obtained from 16 in 21% yield. 

3 , -Deoxy-3'^-pyridyIsulfanyl-5 , -C^(4,4 , -dimethoxytrityl)-A^-(dimethylamiiio- 
methyIene)guanosine (18) and 17. To the solution of 11 (400 mg, 0.56 mmol) in dry 

15 pyridine (5 ml), WiV-dimethylformamide dimethyl acetal (1.2 ml, 9 mmol) was added and 
the reaction mixture was stirred at rt for 16 h. Solvents were removed in vacuo and the 
residue chromatographed on the column of silica gel using 1-50% gradient of methanol in 
dichloromethane. Fractions containing the faster running material were combined and 
concentrated in vacuo to give 18 (1 10 mg, 23%), *H NMR d 8.73 (br s, 1H, NH), 8.53 (s, 

20 1H, CH=N), 8.49 (m, 1H, pyridine), 7.71 (s, 1H, H-8), 7.62 (m, 1H, pyridine), 7.44-6.79 
(m, 15H, aromatic), 6.09 (s, 1H, H-l'), 4.55 (d, J 2 \3=4.8, 1H, H-2 1 ), 4.23 (dq, J 4 ^.=10.5, 
J 4 . 5 .=2.8, J 4 ., 5 «=3.4, 1H, H-4 1 ), 4.14 (dd, J 3 - 2 .=4.8, J 3 < 4 .=10.5, 1H, H-3'), 3.78 (s, 6H, 
2XOMe), 3.57 (dd, J 5 . 5 -=10.6. J $ . 4 <=2.8. 1H, H-5'), 3.41 (dd, J V 5 »=10.6, J 5 " t4 .=3.4, 1H, 
H-5"), 3.08 (s, 3H, A^CH 3 ), 3.05 (s, 3H, #-CH 3 ). Fractions containing the slower running 

25 compound were collected and evaporated to dryness in vacuo to give 17 as a colorless 
foam (120 mg, 33%), ] H NMR identical to that of 17 obtained obtained using the above 
procedures. 

2 f -0-^Butyidilnethylsily^3 , -deoxy-3 5 -5-pyridylsulfanyl-5 , -0-(4,4 , - 
dimethoxytrityl)-- A^-(dimethylamino-methylene) guanosine (19). 18 (110 mg, 0.14 

30 mmol) was dissolved in dry pyridine (1 ml) and TBDMS-Tf (0.103 ml, 0.45 mmol) was 
added to the solution. The reaction mixture was stirred at rt for 5 h, then qunched with 
methanol and evaporated to a syrup in vacuo. The residue was dissoved in 
dichloromethane, washed with 5% aqueous NaHC0 3 , then brine and the organic layer was 
dried (Na 2 S0 4 ) and concentrated to the syrup. Column chromatography on silica gel 

35 using 1-10% gradient of methanol in ethyl acetate afforded 19 as a colorless solid (90 mg, 
71%), »H NMR d 8.69 (br s, 1H, NH), 8.50 (s, 1H, CH=N), 8.37 (m, 1H, pyridine), 7.81 
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(s, 1H, H-8), 7.50-6.74 (m, 16H, aromatic), 5.98 (d, J r ,2 ,= 2-4, 1H, H-l'), 4.75 (dd, 
j 2 . 3 ,= 5 .0, J 2 . r =2.4, 1H, H-2'), 4.50 (m,lH, H-4'), 3.99 (dd, J 3 . 2 .=5.0, J 3 .. 4 =8.4, 1H, H-3'), 
3.76 (s, 6H, 2XOCH 3 ), 3.62 (dd, J 5 . 5 ..=10.9. J 5 . 4 .=2.2. 1H, H-5'), 3.38 (dd, J 5 . >5 ..=10.9, 
j 5 .. 4 ^4.4, 1H, H-5"), 3.06 (s, 3H, NCH 3 ), 3.04 (s, 3H, AOi 3 ), 0.93 (s, 9H, t-Bu), 0.17 (s, 
5 3H, Me), 0.10 (s, 3H, Me), HRMS (FAB+) calcd for C 45 H 53 N 7 0 6 S 2 Si (MH+) 880.3346, 
found 880.3357. 

2 , -0-^ButyldimethyIsilyI-3'-deoxy-3'-»S-pyridylsulfanyI-5'-0-(4,4 , - 
dimethoxytrityl) guanosine (20). S'-Deoxy-S'-S-pyridylsulfanyl-S'-O-^'- 
dimethoxytrityl)guanosine 11 (410 mg, 0.58 mmol) was dissolved in dry pyridine (36 ml) 

10 and imidazole (2.36 g, 35 mmol) and TBDMS-C1 (4.29 g, 28 mmol) were added. The 
reaction was stirred at rt 16 h, then evaporated to a syrup in vacuo. The residue was 
partitioned between dichloromethane and saturated aq. NaHC0 3 , organic layer washed 
with water, dried (Na 2 S0 4 ) and concentrated to a syrup. Column cgromatography on 
silica gel using 1-10% gradient of methanol in dichloromethane afforded the product as a 

15 white foam (430 mg, 85%), 'H NMR (DMSO-d 6 ) d 11.99 (br s, 1H, NH), 8.39 (m, 1H, 
Pyr), 7.84 (s, 1H, H-8), 7.71 (m, 1H, Pyr), 7.62-6.72 (m, 15H, aromatic) 6.41 (br s, 2H, 
NH 2 ), 5.80 (d, J r 0-4.4, 1H, H-l'), 5.04 (app t, J 2 \3'=4.4, 1H, H-2'), 4.39 (m, 1H, H-4*), 
4.01 (app t, J 3 . >4 -=6.4, 1H, H-3'), 3.69 (s, 6H, 2XOMe), 3.13 (dd, Jy )S .=11.0, J r .4 ,= 4-6, 
1H, H-5"), 0.82 (s, 9H, r-Bu), 0.08 (s, 3H, Me), 0.06 (s, 3H, Me), HRMS (FAB+) calcd for 

20 C 42 H 48 N 6 0 6 S 2 Si (MH + ) 825.2924, found 825.2977. 

2 , ^-^Butyldimethylsilyl-3'-deoxy-3'r5-pyridyIsulfanyl-5 , -0-(4,4'- 
dimethoxytritylJ-iV^-isobutyrylguanosine (21). To the solution of 20 (310 mg, 0.38 
mmol) in dry pyridine (5 ml) isobutyric anhydride (0.19 ml, 1.14 mmol) and DMAP (46 
mg, 0.38 mm) were added and the mixture was stirred at rt 16 h. It was then stirred at 50 

25 °C for 5 h, quenched with methanol (2 ml) and evaporated to a syrup in vacuo. The 
residue was partitioned between dichloromethane and 5% aqueous NaHC0 3 , the organic 
layer was washed with brine, dried (Na 2 S0 4 ) and evaporated to a syrup. Column 
chromatography on silica gel using 1-5% gradient of methanol in CH 2 C1 2 afforded 
product as a colorless foam (320 mg, 95%), 'H NMR d 1 1.94 (br s, 1H, NH), 8.36 (m, 1H, 

30 Pyr), 7.85 (m, 1H, Pyr), 7.80 (s, 1H, H-8), 7.58-6.71 (m, 16H, NH, aromatic), 5.83 (d, 
J r r=5.2, 1H, H-l'), 5.22 (app t, Ji .2=5.2, 1H, H-2'), 4.50 (m, 1H, H-4'), 4.27 (app t, 
J 3 ' 4 -=6.4, 1H, H-3'), 3.76 (s, 3H, OMe), 3.75 (s, 3H, OMe), 3.56 (dd, J 5 . ;5 »=11.0, 
J 5 - 4 .=1.8, 1H, H5'), 2.98 (dd, J 5 » 5 -11.0, J.v. 4 =3.0, 1H, H-5"), 1.69 (m, 1H, C//Me 2 ), 
0.94 (d, J=7.2, 3H, CH 3 ), 0.76 (d, J=7.2, 3H, CH 3 ), 0.88 (s, 9H, f-Bu), 0.11 (s, 3H, Me), 

35 0.06 (s, 3H, Me), HRMS (FAB + ) calcd for C 46 H 54 N 6 0 7 S 2 Si (MH + ) 895.3343, found 
895.3380. 
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2 , -0^ButyIdimethylsilyl^ 
isobutyrylguanosine (22). To the solution of 21 (340 mg, 0.38 mmol) in chloroform (20 
ml) TEA (0.4 ml) and dithiotreitol DTT (140 mg, 0.91 mmol) were added and the reaction 
mixture was stirred for 1 h at rt. The reaction miture was washed with saturated aqueous 
5 NaHC0 3 , water, dried (Na 2 S0 4 ) and concentrated to a syrup. Silica gel column 
chromatography using 0.5-2% gradient of methanol in CH 2 C1 2 afforded 22 (270 mg, 
90%), 'HNMR for the major rotamer: d 1 1.92 (br s, 1H, NH), 7.93 (s, 1H, H-8), 7.63-6.80 
(m, 16H, NH, aromatic), 5.83 (d, J r , 2 -=2.8, 1H, H-l '), 4.74 (dd, J-r r =2.8, J 2 >. 3 *=5.4, 1H, 
H-2'), 4.13 (dd, J 4 ',3^7.6, J 4%5 — 1.2, 1H, H-4'), 3.78 (s, 3H, OMe), 3.73 (s, 3H, OMe), 

10 3.63 (dd, J 5 >^-11.0, J 5 ^ 4.-I.2, 1H, H5'), 3.27 (dd, J vvr =11.0, J 5 ^ 4 -3.0, 1H, H-5"), 
1.63 (d, J S h,3'= 8 * 4 > 1H > SH )> 208 ( m > 1H > CHMe 2 ), 1.09 (d, J=6.8, 3H, CH 3 ), 0.98 (d, 
J=6.8, 3H, CH 3 ), 0.91 (s, 9H, /-Bu), 0.14 (s, 3H, Me), 0.08 (s, 3H, Me), HRMS (FAB + ) 
calcd for C 4 ,H 5 |N 5 0 7 SSi (MH + ) 786.3357, found 786.3354. 
2 , -0-f-ButyIdimethylsilyI-3 , -deo^ 

15 isobutyrylguanosine 3 , -5 T -(2-cyanoethyl A,7V-diisopropylphoramidite (23). 
Phosphitylation of 22 as described by Sun et al. afforded product which was purified by 
flash chromatography using 0.5% ethanol in CH 2 C1 2 containing 1% TEA. Final product 
was obtained as a white powder by precipitation from toluene-pentane at 0 °C (76% 
yield), 31 P NMR d 163.5 (s), 159.6 (s), HRMS (FAB+) calcd for C 50 H 68 N 7 O 8 PSSi (MH + ) 

20 986.4435, found 986.4406. 

Example 13: Synthesis of 5'- thiophosphate nucleoside phosphoramidite and preparation 
of solid supp ort 

Referring to Figure 21, Applicant shows a scheme for synthesis of 5'-deoxy-5'- 
thionucleoside phosphoramidites and succinates. For example Lehmann et al, (NAR 

25 1989, 17, 2379; incorporated by reference herein) describes the preparation of the more 
base-stable sarcosyl modified solid support. 

Matulic-Adamic. et al in Nucleosides & Nucleosides 1997, 16, 1933, describes 
the incorporation of S'-thio modification into oligonucleotides. Applicant additionally 
describes the a method where, the cleavage of the 5 f -protecting group on the solid support 

30 in order to elongate the chain is accomplished by using, instead of AgN03 in CH3CN, 
0.1M l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in CH3CN or 20% piperidine in 
CH3CN. 

Note that 5'S-DMT protection is cleaved with iodine (Henningfeld et al JACS 
1996, 118, 11701) thus complicating the oligo synthesis, while S-Fm is reported to be 
35 resistant to 0.1 M iodine in DMF. 
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Oligonucleotides were synthesized with S'-thiophosphate linkage and tested in 
vitro in a standard RNase H cleavage assay described in McSwiggen, US Patent No. 
5,525,468; incorporated by reference herein. 

Example 14: Synthesis of S'-Q-dimethoxvtritvI-S'-deoxv-B'-thio-S -iS , -(2-Cvanoethvl-RN- 
5 DiisopropvlphosDhoramidite-2*-0-methvl uridine (6) (Figure 22) 

S'-O-tert-butyldiphenylsilyW-O-methyl uridine (1): To a solution of 2'-0- 
methyl uridine stirring at 0 C under positive pressure argon in anhydrous pyridine was 
added terf-butyldiphenylsilyl chloride (1.2 eq.) The reaction mixture was allowed to 
warm to rt and was maintained at rt for 18 hours at which time ethanol was added, 

10 pyridine removed in vacuo, and the reaction residue partitioned between dichloromethane 
and sat. aq. sodium bicarbonate. The organic layer was then dried over sodium sulfate. 
Flash chromatography using an ethyl acetate/hexanes gradient gave (1) as a white foam. 

S'-O'tert-butyldiphenylsilyl-l'-O-methyl^J'-anhydro uridine (2): To a solution 
of (1) and DEAD (3.5 eq.) stirring at 0 C under argon in anhydrous THF was added 

15 triphenylphosphine (3.5 eq.). The reaction mixture was warmed to rt and stirred at rt 
under argon for 18 hours, after which THF was removed in vacuo. The crude reaction 
residue was partitioned between dichloromethane and sat. aq. sodium bicarbonate, the 
organics dried over sodium sulfate preceding flash chromatography. An ethyl 
acetate/hexanes gradient afforded (2) as an off white foam. 

20 S^O-tert-butyldiphenylsilyl-y-S-acetyW uridine (3): Compound (2) 

was treated with thiolacetic acid in dioxane at 100 C for 18 hours while stirring in a 
stainless steel bomb. The reaction mixture was evaporated in vacuo then purified by flash 
silica gel chromatography to give (3) as a light yellow foam. 

5'-0-dimethoxytrityl-3*'S-acetyl-2'-0-methyl uridine (4): To a solution of (3) 

25 stirring at rt under positive pressure argon was added 1M TBAF in THF buffered with 
acetic acid. The resulting clear, light yellow solution was stirred at rt for one hour, then 
THF removed in vacuo. Crude (4) was flash silica purified using an 
ethanol/dichloromethane gradient. The purified product was then co-evaporated with 
anhydrous pyridine, then dissolved in anhydrous pyridine. Dimethoxytrityl chloride was 

30 added to the reaction at rt and the resulting clear, reddish solution stirred at rt for 1 8 hours. 
Pyridine was removed in vacuo after quenching with ethanol, and the resulting crude foam 
partitioned between dichloromethane and sat. aq. sodium bicarbonate and the organics 
dried over sodium sulfate. Flash chromatography using an ethyl acetate/hexanes gradient 
furnished pure (4). 
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J '-O-dimethoxytrityl-3 '-deoxy-3 '-thio-2 '-O-methyl uridine (5): Compound (4) was 
dissolved in 40% aq. methylamine in the presence of DTT. The reaction mixture was 
stirred at rt for one hour then evaporated in vacuo. Flash chromatography using an ethyl 
acetate/hexanes gradient gave (5) as an off white foam. 
5 5 '-O-dimethoxytrityl-3 '-deoxy-3 '-thio-3 f -S-(2-Cyanoethyl-N t N-Diisopropylphos- 

phoramidiie-2 '-O-methyl uridine (6): To a cooled (0 °C) solution of (5) and A£ tf-diiso- 
propylethylamine in dry CH2CI2 was added 2-cyanoethyl A^-diisopropylchlorophos- 
phoramidite dropwise via syringe. The mixture was stirred at room temperature until all 
starting material was consumed (5 hr.) The reaction mixture was quenched with 
10 anhydrous ethanol and diluted with hexanes. Flash chromatography using an ethyl 
acetate/hexanes gradient provided pure (6). 

Diagnostic uses 

Nucleic acid molecules of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells or to detect the presence of 

15 specific RNAs in a cell. The close relationship between for example ribozyme activity 
and the structure of the target RNA allows the detection of mutations in any region of the 
molecule which alters the base-pairing and three-dimensional structure of the target RNA. 
By using multiple ribozymes described in this invention, one may map nucleotide changes 
which are important to RNA structure and function in vitro, as well as in cells and tissues. 

20 Cleavage of target RNAs with ribozymes may be used to inhibit gene expression and 
define the role (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators of the disease. 
These experiments will lead to better treatment of the disease progression by affording the 
possibility of combinational therapies (e.g., multiple nucleic acid molecules targeted to 

25 different genes, nucleic acid molecules coupled with known small molecule inhibitors, or 
intermittent treatment with combinations of nucleic acid molecules and/or other chemical 
or biological molecules). Other in vitro uses of nucleic acid molecules of this invention 
are well known in the art, and include detection of the presence of RNAs related to various 
conditions. Such RNA is detected by determining the presence of a cleavage product after 

30 treatment with for example, an enzymatic nucleic acid molecule using standard 
methodology. 

In a specific example, ribozymes which can cleave only wild-type or mutant forms 
of the target RNA are used for the assay. The first ribozyme is used to identify wild-type 
RNA present in the sample and the second ribozyme will be used to identify mutant RNA 
35 in the sample. As reaction controls, synthetic substrates of both wild-type and mutant 
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RNA will be cleaved by both ribozymes to demonstrate the relative ribozyme efficiencies 
in the reactions and the absence of cleavage of the "non-targeted" RNA species. The 
cleavage products from the synthetic substrates will also serve to generate size markers for 
the analysis of wild-type and mutant RNAs in the sample population. Thus each analysis 
5 will require two ribozymes, two substrates and one unknown sample which will be 
combined into six reactions. The presence of cleavage products will be determined using 
an RNAse protection assay so that full-length and cleavage fragments of each RNA can be 
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to quantify the 
results to gain insight into the expression of mutant RNAs and putative risk of the desired 

10 phenotypic changes in target cells. The expression of mRNA whose protein product is 
implicated in the development of a phenotype is adequate to establish risk. If probes of 
comparable specific activity are used for both transcripts, then a qualitative comparison of 
RNA levels will be adequate and will decrease the cost of the initial diagnosis. Higher 
mutant form to wild-type ratios will be correlated with higher risk whether RNA levels are 

1 5 compared qualitatively or quantitatively. 

Additional Uses 

Potential usefulness of sequence-specific enzymatic nucleic acid molecules of the 
instant invention might have many of the same applications for the study of RNA that 
DNA restriction endonucleases have for the study of DNA (Nathans et al, 1975 Ann Rev, 
20 Biochem. 44:273). For example, the pattern of restriction fragments could be used to 
establish sequence relationships between two related RNAs, and large RNAs could be 
specifically cleaved to fragments of a size more useful for study. The ability to engineer 
sequence specificity of the ribozyme is ideal for cleavage of RNAs of unknown sequence. 
Other embodiments are within the following claims. 
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TABLE I 

Characteristics of naturally occurring ribozvmes 

Group I Introns 

Size: -150 to >1000 nucleotides. 
5 • Requires a U in the target sequence immediately 5' of the cleavage site. 

• Binds 4-6 nucleotides at the S'-side of the cleavage site. 

Reaction mechanism: attack by the 3'-OH of guanosine to generate cleavage products with 
3'-OH and 5 5 -guanosine. 

• Additional protein cofactors required in some cases to help folding and maintainance of 
10 the active structure . 

• Over 300 known members of this class. Found as an intervening sequence in 
Tetrahymena thermophila rRNA, fungal mitochondria, chloroplasts, phage T4, blue-green 
algae, and others. 

• Major structural features largely established through phylogenetic comparisons, 

1 2 

15 mutagenesis, and biochemical studies [ , ]. 

• Complete kinetic framework established for one ribozyme [ 3 , 4 , 5 , 6 ]. 

7 8 9 

• Studies of ribozyme folding and substrate docking underway [ , , ]. 



1 Michel, Francois; Westhof, Eric. Slippery substrates. Nat. Struct Biol. (1994), 1 (1), 5-7. 

2 Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of group 1 intron 
cores in genomic DNA sequences. J. Mol. Biol. (1994), 235(4), 1206-17. 

3 Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena thermophila 
ribozyme. 1 . Kinetic description of the reaction of an RNA substrate complementary to the active site. 
Biochemistry (1990), 29(44), 10159-71 . 

4 Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena thermophila 
ribozyme. 2. Kinetic description of the reaction of an RNA substrate that forms a mismatch at the active 
site. Biochemistry (1990), 29(44), 10172-80. 

5 Knitt, Deborah S.; Herschlag, Daniel pH Dependencies of the Tetrahymena Ribozyme Reveal an 
Unconventional Origin of an Apparent pKa, Biochemistry (1996), 35(5), 1560-70. 

6 Bevilacqua, Philip C; Sugimoto, Naoki; Turner, Douglas H„ A mechanistic framework for the 
second step of splicing catalyzed by the Tetrahymena ribozyme. Biochemistry (1996), 35(2), 648-58. 

7 Li, Yi; Bevilacqua, Philip C; Mathews, David; Turner, Douglas H.. Thermodynamic and activation 
parameters for binding of a pyrene-labeled substrate by the Tetrahymena ribozyme: docking is not diffusion- 
controlled and is driven by a favorable entropy change. Biochemistry (1995), 34(44), 14394-9. 

8 Banerjee, Aloke Raj; Turner, Douglas H.. The time dependence of chemical modification reveals 
slow steps in the folding of a group I ribozyme. Biochemistry (1995), 34(19), 6504-12. 
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Chemical modification investigation of important residues well established [ 10 , U ]- 
The small (4-6 nt) binding site may make this ribozyme too non-specific for targeted RNA 
cleavage, however, the Tetrahymena group I intron has been used to repair a "defective" 
P-galactosidase message by the ligation of new (3-galactosidase sequences onto the 
defective message [ I2 ]. 

RNAse P RNA fMl RNA^ 

Size: -290 to 400 nucleotides. 

RNA portion of a ubiquitous ribonucleoprotein enzyme. 
Cleaves tRN A precursors to form mature tRNA [* 3 ]. 

Reaction mechanism: possible attack by M 2+ -OH to generate cleavage products with 3'- 
OH and 5 '-phosphate. 

RNAse P is found throughout the prokaryotes and eukaryotes. The RNA subunit has been 
sequenced from bacteria, yeast, rodents, and primates. 

Recruitment of endogenous RNAse P for therapeutic applications is possible through 
hybridization of an External Guide Sequence (EGS) to the target RNA [ 14 , 15 ] 
Important phosphate and 2' OH contacts recently identified [ 16 , 17 ] 



9 Zarrinkar, Patrick P.; Williamson, James R.. The P9. 1-P9.2 peripheral extension helps guide folding 
of the Tetrahymena ribozyme. Nucleic Acids Res. (1996), 24(5), 854-8. 

10 Strobel, Scott A.; Cech, Thomas R. Minor groove recognition of the conserved G.cntdot.U pair at 
the Tetrahymena ribozyme reaction site. Science (Washington, D. C.) (1995), 267(5198), 675-9. 

1 1 Strobel, Scott A.; Cech, Thomas R.. Exocyclic Amine of the Conserved G.cntdot.U Pair at the 
Cleavage Site of the Tetrahymena Ribozyme Contributes to 5-SpHce Site Selection and Transition State 
Stabilization. Biochemistry (1996), 35(4), 1201-11. 

12 Sulienger, Bruce A.; Cech, Thomas R.. Ribozyme-mediated repair of defective mRNA by targeted 
trans-splicing. Nature (London) (1994), 371(6498), 619-22. 

13 Robertson, H.D.; Altaian, S.; Smith, J.D. J. Biol. Chem., 247, 5243-525 1 (1972). 

14 Forster, Anthony C; Altaian, Sidney. External guide sequences for an RNA enzyme. Science 
(Washington, D. C, 1883-) (1990), 249(4970), 783-6. 

15 Yuan, Y.; Hwang, E. S.; Airman, S. Targeted cleavage of mRNA by human RNase P. Proc. Natl. 
Acad. Sci. USA (1992) 89, 8006-10. 

16 Harris, Michael E.; Pace, Norman R. Identification of phosphates involved in catalysis by the 
ribozyme RNase P RNA. RNA (1995), 1(2), 210-18. 

17 Pan, Tao; Loria, Andrew; Zhong, Kun. Probing of tertiary interactions in RNA: 2 , -hydroxyl-base 
contacts between the RNase P RNA and pre-tRNA. Proc. Natl. Acad. Sci. U. S. A. (1995), 92(26), 12510- 
14. 
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Group II Introns 

Size: > 1 000 nucleotides. 

Trans cleavage of target RNAs recently demonstrated [ 18 , 19 ]. 

• Sequence requirements not fully determined. 

5 • Reaction mechanism: 2'-OH of an internal adenosine generates cleavage products with 3'- 
OH and a "lariat" RNA containing a 3'-5' and a 2'-5' branch point. 

• Only natural ribozyme with demonstrated participation in DNA cleavage [ , ] in addition 
to RNA cleavage and ligation. 

22 

Major structural features largely established through phylogenetic comparisons [ ]. 
1 0 • Important 2' OH contacts beginning to be identified [ 23 ] 

• Kinetic framework under development [ 24 ] 



Neurospora VS RNA 

• S ize: ~ 1 44 nucleotides. 

,25, 

• Trans cleavage of hairpin target RNAs recently demonstrated C j. 
15 ■ Sequence requirements not fully determined. 

Reaction mechanism: attack by 2'-OH 5' to the scissile bond to generate cleavage 
products with 2\3'-cyclic phosphate and 5'-OH ends. 



18 Pyle, Anna Marie; Green, Justin B.. Building a Kinetic Framework for Group II Intron Ribozyme 
Activity: Quantitation of Interdomain Binding and Reaction Rate. Biochemistry (1994), 33(9), 2716-25. 

19 Michels, William J. Jr.; Pyle, Anna Marie. Conversion of a Group II Intron into a New Multiple- 
Turnover Ribozyme that Selectively Cleaves Oligonucleotides: Elucidation of Reaction Mechanism and 
Structure/Function Relationships. Biochemistry (1995), 34(9), 2965-77. 

20 Zimmerly, Steven; Guo, Huatao; Eskes, Robert; Yang, Jian; Perlman, Philip S.; Lambowitz, Alan 
M.. A group II intron RNA is a catalytic component of a DNA endonuclease involved in intron mobility. 
Cell (Cambridge, Mass.) (1995), 83(4), 529-38. 

21 Griffin, Edmund A., Jr.; Qin, Zhifeng; Michels, Williams J., Jr.; Pyle, Anna Marie. Group II intron 
ribozymes that cleave DNA and RNA linkages with simitar efficiency, and lack contacts with substrate 2- 
hydroxyl groups. Chem. Biol. (1995), 2(11), 761-70. 

22 Michel, Francois; Ferat, Jean Luc. Structure and activities of group II introns. Annu. Rev. Biochem. 

(1995) , 64, 435-61. 

23 Abramovitz, Dana L.; Friedman, Richard A.; Pyle, Anna Marie. Catalytic role of 2 , -hydroxyl 
groups within a group II intron active site. Science (Washington, D. C.) (1996), 271(5254), 1410-13. 

24 Daniels, Danette L.; Michels, William J., Jr.; Pyle, Anna Marie. Two competing pathways for self- 
splicing by group II introns: a quantitative analysis of in vitro reaction rates and products. J. Mol. Biol. 

(1996) , 256(1), 31-49. 

25 Guo, Hans C. T.; Collins, Richard A.. Efficient trans-cleavage of a stem-loop RNA substrate by a 
ribozyme derived from Neurospora VS RNA. EMBO J. (1995), 14(2), 368-76. 
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Binding sites and structural requirements not fully determined. 
Only 1 known member of this class. Found in Neurospora VS RNA. 

Hammerhead Ribozvme 
(see text for references) 
5 • Size: -1 3 to 40 nucleotides. 

• Requires the target sequence UH immediately 5 ! of the cleavage site. 

• Binds a variable number nucleotides on both sides of the cleavage site. 
Reaction mechanism : attack by 2*-OH 5 5 to the scissile bond to generate cleavage 
products with 2\3'-cyclic phosphate and 5*-OH ends. 

10 * 14 known members of this class. Found in a number of plant pathogens (virusoids) that 
use RNA as the infectious agent. 

26 27 

Essential structural features largely defined, including 2 crystal structures [ , ] 
Minimal ligation activity demonstrated (for engineering through in vitro selection) [ ] 

29 

Complete kinetic framework established for two or more ribozymes [ ]. 
1 5 • Chemical modification investigation of important residues well established [ 30 ]. 

Hairpin Ribozvme 

• Size: -50 nucleotides. 

• Requires the target sequence GUC immediately 3' of the cleavage site. 

• Binds 4-6 nucleotides at the 5'-side of the cleavage site and a variable number to the 3 ! - 
20 side of the cleavage site. 

Reaction mechanism: attack by 2'-OH 5 * to the scissile bond to generate cleavage 
products with 2' ,3 '-cyclic phosphate and 5 '-OH ends. 



26 Scott, W.G., Finch, J.T., Aaron,K. The crystal structure of an all RNA hammerhead 
ribozyme:Aproposed mechanism for RNA catalytic cleavage. Cell, (1995), 81, 991-1002. 

27 McKay, Structure and function of the hammerhead ribozyme: an unfinished story. RNA, (1996), 2, 
395^03. 

28 Long, D., Uhlenbeck, O., Hertel, K. Ligation with hammerhead ribozymes. US Patent No. 
5,633,133. 

29 Hertel, K.J., Herschlag, D., Uhlenbeck, O. A kinetic and thermodynamic framework for the 
hammerhead ribozyme reaction. Biochemistry, (1994) 33, 3374-3385.Beigelman, L., etal, Chemical 
modifications of hammerhead ribozymes. J. Biol. Chem., (1995) 270, 25702-25708. 

30 Beigelman, L. f et al, Chemical modifications of hammerhead ribozymes. J. Biol. Chem., (1995) 
270, 25702-25708. 
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3 known members of this class. Found in three plant pathogen (satellite RNAs of the 
tobacco ringspot virus, arabis mosaic virus and chicory yellow mottle virus) which uses 
RNA as the infectious agent. 

3 1 32 33 34 

Essential structural features largely defined [ , , , ] 

Ligation activity (in addition to cleavage activity) makes ribozyme amenable to 

engineering through in vitro selection [ 35 ] 

Complete kinetic framework established for one ribozyme [ 36 ]. 

37 38 

Chemical modification investigation of important residues begun [ , ]. 



Hepatitis Delta Virus (HP VI Ribozyme 
1 0 • Size: -60 nucleotides. 

• Trans cleavage of target RN As demonstrated [ 39 ]. 

Binding sites and structural requirements not fully determined, although no sequences 5 ! of 
cleavage site are required. Folded ribozyme contains apseudoknot structure f 40 ]. 



Hampel, Arnold; Tritz, Richard; Hicks, Margaret; Cruz, Phillip. 'Hairpin' catalytic RNA model: 
evidence for helixes and sequence requirement for substrate RNA. Nucleic Acids Res. (1990), 18(2), 299- 
304. 

32 Chowrira, Bharat M.; Berzal-Herranz, Alfredo; Burke, John M. Novel guanosine requirement for 
catalysis by the hairpin ribozyme. Nature (London) (1991), 354(6351), 320-2. 

33 Berzal-Herranz, Alfredo; Joseph, Simpson; Chowrira, Bharat M.; Butcher, Samuel E.; Burke, John 
M.. Essential nucleotide sequences and secondary structure elements of the hairpin ribozyme. EMBO J. 
(1993), 12(6), 2567-73. 

34 Joseph, Simpson; Berzal-Herranz, Alfredo; Chowrira, Bharat M.; Butcher, Samuel E.. Substrate 
selection rules for the hairpin ribozyme determined by in vitro selection, mutation, and analysis of 
mismatched substrates. Genes Dev. (1993), 7(1), 130-8. 

35 Berzal-Herranz, Alfredo; Joseph, Simpson; Burke, John M.. In vitro selection of active hairpin 
ribozymes by sequential RNA-catalyzed cleavage and ligation reactions. Genes Dev. (1992), 6(1), 129-34. 

36 Hegg, Lisa A.; Fedor, Martha J.. Kinetics and Thermodynamics of Intermolecular Catalysis by 
Hairpin Ribozymes. Biochemistry (1995), 34(48), 15813-28. 

37 Grasby, Jane A.; Mersmann, Karin; Singh, Mohinder, Gait, Michael J.. Purine Functional Groups in 
Essential Residues of the Hairpin Ribozyme Required for Catalytic Cleavage of RNA. Biochemistry (1995), 
34(12), 4068-76. 

38 Schmidt, Sabine; Beigelman, Leonid; Karpeisky, Alexander; Usman, Nassim; Sorensen, Ulrik S.; 
Gait, Michael J.. Base and sugar requirements for RNA cleavage of essential nucleoside residues in internal 
loop B of the hairpin ribozyme: implications for secondary structure. Nucleic Acids Res. (1996), 24(4), 573- 
81. 

39 Perrotta, Anne T.; Been, Michael D.. Cleavage of oligoribonucleotides by a ribozyme derived from 
the hepatitis .delta, virus RNA sequence. Biochemistry (1992), 3 1(1), 16-21. 

40 Perrotta, Anne T.; Been, Michael D.. A pseudoknot-like structure required for efficient self- 
cleavage of hepatitis delta virus RNA. Nature (London) (1991), 350(6317), 434-6. 
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Reaction mechanism: attack by 2'-OH 5' to the scissile bond to generate cleavage 

products with 2\3'-cyclic phosphate and 5'-OH ends. 

Only 2 known members of this class. Found in human HDV. 

Circular form of HDV is active and shows increased nuclease stability j 41 ] 



41 Puttaraju, M; Peirotta, Anne T.; Been, Michael D.. A circular trans-acting hepatitis delta virus 
ribozyme. Nucleic Acids Res. (1993), 21(18), 4253-8. 
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Table II: 2.5 umol RNA Synthesis Cycle 



Reagent Equivalents Amount Wait 

Time* 



Phosphoramidites 6.5 163 \xL 2.5 

5-Ethyl Tetrazole 23.8 238 nL 2.5 

Acetic Anhydride 100 233 |iL 5 sec 

//-Methyl Imidazole 186 233 nL 5 sec 

TCA 83.2 1.73 mL 21 sec 

Iodine 8.0 1.18 mL 45 sec 

Acetonitrile NA 6.67 mL NA 
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Table IV. Hammerhead Ribozyme and Target SequencesFor Estrogen Receptor 



Pos 


BTP1T ' ' T}*W 


Seq. ID. 
No. 


Substrate 


Seq. ID. 1 

No. 


22 


UUGGCUUA CUGAUGAG X CGAA ACAUCACU 


1 


AGTGATGT T TAAGCCAA 


1246 


23 


AUUGGCUU CUGAUGAG X CGAA AACAUUAU 


2 


GTGATGTT T AAGCCAA T 


1247 


24 


CAUUGGCU CUGAUGAG X CGAA AAACAUCA 


3 


TGATGViT A AGCCAATG 


1248 


34 


CUUGCCCU CUGAUGAG X CGAA ACAUUliUC 


4 


GCCAATGT C AGGGCAAG 


1249 


51 


CGGCCAGG CUGAUGAG X CGAA ACUGUUUC 


5 


GCAACAGT C CCTGGCCG 


1250 


61 


UGCUGGAG CUGAUGAG X CGAA ACGGCCAG 


6 


CTGGCCGT C CTCCAGCA 


1251 


64 


"AGGUGCUG CUGAUGAG X CGAA AGGACGUC 


7 


GCCGTCCT C CAGCACCT 


1252 


73 


GCAUUACA CUGAUGAG X CGAA AGGUGCUU 


8 


CAGCACCT T TGTAATGC 


1253 


74 


"UGCAUUAC CUGAUGAG X CGAA AAGGUGCU 


9 


AGCACCTT T GTAATGCA 


1254 


77 


AUAUGCAU CUGAUGAG X CGAA ACAAAUUU 


10 


ACCTTTGT A ATGCATAT 


1255 


84 


CGAGCUCA CUGAUGAG X CGAA AUGCAUUA 


11 


TAATGCAT A TGAGCTCG 


1256 


91 


GGUCUCCC CUGAUGAG X CGAA AGCUCAUA 


12 


TATGAGCT C GGGAGACC 


1257 


103 


" ACUUUAAG CUGAUGAG X CGAA ACUUUUCU 


13 


" AGACCAGT A CTTAAAG 1 


1258 


106 


CCAACUUU CUGAUGAG X CGAA AGUACUUU 


14 


CCAGTACT T AAAGTTGU 


1259 


107 


UCCAACUU CUGAUGAG X CGAA AAGUAduU 


15 


CAGTAOT A AAGTTGGA 


1260 


112 


"GGGCCUCC CUGAUGAG X CGAA ACUUUAAG 


16 


CTTAAAGT T GGAGGCCC 


1261 


148 


CCAGGACG CUGAUGAG X CGAA ACGCCCUU 


17 


G AGGGCGT T CGTCCTGG 


1262 


149 
~\52 


CCCAGGAC CUGAUGAG X CGAA AACGCCCU 


18 


AGGGCGTT C GTCCTGGG 


1263 


GCUCCCAG CUGAUGAG X CGAA ACGAACUC 


19 


GCGTTCGT C CTGGGAGC 


1264 


167 


GACGGAGC CUGAUGAG X CGAA AGUUCAOC 


20 


GCTGCACT T GCTCCGTC 




171 


ACCCGACG CUGAUGAG X CGAA AGCAAGUG 


21 


CACTTGCT C CGTCGGGT 


1266 


175 


GGCGACCC CUGAUGAG X CGAA ACGGAGCA 


22 


TGCTCCGT C GGGTCGCC 


1267 


180 


AAGCCGGC CUGAUGAG X CGAA ACCCGACG 


23 


CGTCGGGT C GCCGGCTT 


1268 


188 


GUCCGGUG CUGAUGAG X CGAA AGCCGGCG 


24 


CGCCGGCT T C ACCGGAC 


1269 


189 


GGUCCGGU CUGAUGAG X CGAA AAGCCGGC 


25 


GCCGGCTT C ACCGGACC 


1270 


205 


UGCCCCGG CUGAUGAG X CGAA AGCCUGCG 


26 


CGCAGGCT C CCGGGGCA 


1271 


231 


CGACACGC CUGAUGAG X CGAA AGCUCUGG 


27 


CCAGAGCT C GCGTGTCG 


1272 
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10 



15 



20 



25 



30 



238 


GUCCCGCC CUGAUGAG X CGAA ACACGCUA 


lo 


i CUCU 1 U 1 U UVJl^UvJVJA^. 


i j 


258 


UUAGAGGC CUGAUUAU A CUAA AUULAuv^U 


70 




1274 


263 


' /-*p a rr>rTi I A PI TP a r TO A P_ V PO AAA OOPO. A OP» 

CGAGGUUA CUOAUUAU A LuAA Auuv-uAcu 




rfiTPfiPCT C TAACCTCG 


1275 


265 


r^r^r^r^ a rrn Pi TP. A I in A P- Y On A A Ad AGO.OGA 

CCCUAUUU CUUAUUAU A t/UAA /\vja\jvjv^vj/\ 


11 
j i 


TPGCCTCT A ACCTCGGG 


1276 


270 


p a p a rr^r*/^ OTIO. Al TO. A O Y OOi A A AGGI IT I A OA 
CACAUCCC tUOAUUAu A UUAA J\\j\J\J\Jt\\Jr\ 


1? 
J*. 


TCTA ACCT C GGGCTGTG 


1277 


281 


jiyno'A a a a A PI TP a I TO AT V PO AAA r.r ATA 0.0 

UGGAAAAA CUUAUUAU A LuAA AULAtAut 


j J 




1278 


283 


yiPI T/— P A A A PI TP A T TP A O V OO A A AHA fip ATA 

CCUGGAAA CUUAUUAU a tuAA AUAULAtA 




TflTfiPTPT T TTTCCAGG 


1279 


284 


• xr\ /~r a a /~<r t /"< a r TO a P *V PP A A A A O A i'IP AO 

ACCUGGAA CUGAUGAG a CUAA AAuAULAL 




KJ 1 VJV_< iul 1 I 11 V'V-'iVvJ W a 


1280 


285 


CACCUGGA CUGAUGAG X CGAA AAAUAUCA 


JO 


1 Vjl_« IVil 1 1 1 1 V>/\— '/VVJ VJ 1 VJ 


1281 


286 


t-yr*t a /"T/-IT TP i^i r 1 ! TP a T IP A O V Pfi A A AAA A C\ A OO 

CCACCUGG CUUAUUAU A LuAA AAAAUAut 


17 


VJV^lwl 1111 V^V-^/VVJVJ 1 VJVJ 


1282 


287 


i t« a I IP A P V PP. A A AAA A Af^An 

GCCACCUG CUUAUUAU A CUAA AAAAAuAu 




PTnTITT C TAGGTGGC 


1283 


304 


p ni l /■-* ipi pi i/-* a T TO A O V PO AAA 0000^00.0. 

GGCUCAGA CUGAUUAU a CUAA ALtuULUU 


jy 


CCGCCGGT T TCTGAGCC 


1284 


305 


AGGCUCAG CUGAUGAG X CGAA AACCUUCU 


An 


OP.OOO.O.TT T OTGAGPPT 


1285 


306 


a a /-it ■ a TP a T TP A P V OO A A AAA OPOO P 

AAGGCUCA CUGAUGAG A CGAA AAACCUUC 


A 1 


G PPG GTTT P TGAGPPTT 


1286 


314 


— . * j-y n r** a. f-i At 7/-» a r jo A P V PP AAA POOI TO A O 

CAGGGCAG CUGAUGAG X CGAA AUUCUCAU 




PTGAGPPT T CTGCCCTG 


1287 


315 


— /-> /-i % A/-t a pi tp a T IP A O V OO A A A A nflPl IO A 

GCAGGGCA CUUAUUAU A CUAA MuuLUtA 




TGAGPPTT P TGPCPTGC 


1288 


335 


a ?-\'<AV rn/^ a PI TP A I TP A P V PP AAA PPOI TO I IO 

AGGGUGCA CUGAUGAG X CUAA ALUjUUUL 


AA 


GAPAPGGT P TGPAPPCT 


1289 


375 


UUGGUGUG CUGAUGAG X CGAA AuuuULAU 




A Tfi A PPPT P PAPAPPAA 


1290 


389 


.r*i*-i a t t /**» /"> a PI TP A 1 TP A P V PO A A A 1 tOOI Tl IT TO. 

CCAUCCCA CUGAUGAG X CGAA AUGCUUUU 


AA 


PA A AGP AT P TGGGATGG 


1291 


402 


miss a¥t**i*-*a r\ m r /"i i t i a P v P P* AAA P P P_ P P All 

UGAUGCAG CUGAUGAG X CGAA AUGUCCAU 




A 1 VJUvVvV' 1 nvl vJv-»rV J v>/a 


1292 


409 


•w *i Ti-ty* A T TS-1Y T y^lY T /"I A T A P» V PP A A A I TOP A P-l 1 A 

UUGGAUCU CUGAUGAG X CGAA AUUCAUUA 




1 1 VJV_//\ 1 V_ AVvJrY l V^V^i*VTV 


1293 
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1465 


1915 


GCCUUUGU CUGAUOAu a CuAA alulauuu 


991 


APATGAGT A APAAAGGC 


1466 


1933 


GCUGUACA CUOAUvjAu A tuAA auvj\-ui-^/\ 


222 


TGGAGCAT C TGTACAGC 


1467 


1937 


UCAUGCUG CUUAUuAu A tuAA alauauul 


99** 


GPATPTGT A CAGCATGA 


1468 


1968 


'ArTTipATiA m in a i rn An y nnA A AnnnnnAp 
AGGUCAUA v^UvjAUvjAU a loaa auuuu^a^ 


224 


GTGCCCCT C TATGACCT 


1469 


1970 


GCAGGUCA CUGAUUAvj A v-vjAA Avjauuvjuc 


225 


GCCCCTCT A TGACCTGC 


1470 


2007 


GGCGCAUG CUUAUuAu a tUAA auvjluuuu 


226 


CACCGCCT A CATGCGCC 


1471 


2020 


UCCACGGC CuGAUGAG X CGAA AuUuOuUj 


997 


CCiCCCACT A GCCGTGGA 


1472 


2036 


CCUCCACG CUGAUGAG X CGAA AUUUUJUJ 


999 


a nnnnp at p pgtggagg 

/AvJ VJvJvj\^/i 1 v^vJ 1 v_J v_f/»vj vj 


1473 


2063 


CAGUGGCC CUGAUGAG A LuAA auUuuluu 


999 


AAGCCACT T GGCCACTG 


1474 


2078 


AUGAAGUA CUGAUuAu A LUAA aulllu^a 




TGCGGGCT C TACTTCAT 


1475 


2080 


CGAUGAAG CUGAUuAu A LuAA AUAutL^u 




CGGGCl'CT A CTTCATCG 


1476 


2083 


AUGCGAUG CUGAUGAG X CGAA AUUAuAUL 


979 


fiPTPTACT T C ATCGCAT 


1477 


2084 


"a a i i/tv"* aii m m a i in a n Y pn a a A Am JAG An 
AAUOLAjAU vUuAUOAU A vAJA/\ AnUl/nunu 


233 


CTCTACTT C ATCGCATT 


1478 


2087 


a rr* a AiTrr mm a l m An Y rflA A Aim A Am I A 
AGGAAUGC CUuAUUAO A uuaa AUVj/v/\vju/\ 


234 


TACTTCAT C GCATTCCT 


1479 


2092 


"tit iroA a nn nt m a i tn An Y rfiA A AT inpnAT m 


235 


CATCGCAT T CCTTGCAA 


1480 


2093 


~t ti ii irrAA r* nun at in A n Y rr.A A A A I THPfiAI I 
UUUuwvAU CUUAUUAU A l^UA/\ /\z\Uvjv^vj/a.u 


236 


ATCGCATT C CTTGCAAA 


1481 


2096 


r>i rw ti rr to n m xr* a t m a n Y nn AAA nn A A T inr 
ACUUUUGC CUGAUOAu A LuAA auuaauuu 


917 


GCATTCCT T GCAAAAGT 


1482 


2105 


" i \~r* a t in t a a ni m A l in A n Y rHA A API IT II II inP 
UuAUuUAA tUuAUuAu A tuAA A^UUUUuk* 


238 


GCAAAAGT A TTACATCA 


1483 


2107 


CGUGAUGU CUGAUGAG X CGAA AUACUUUU 


239 


AAAAGTAT T ACATCACG 


1484 


2108 


CCGUGAUG CUGAUGAG X CGAA AAUACUUU 


240 


AAAGTATT A CATCACGG 


1485 


2112 


UCCCCCGU CUGAUGAG X CGAA AUGUAAUA 


241 


TATTACAT C ACGGGGGA 


1486 


2131 


GGCAGGGA CUGAUGAG X CGAA ACCCUCUG 


242 


CAGAGGGT T TCCCTGCC 


1487 


2132 


UGGCAGGG CUGAUGAG X CGAA AACCCUCU 


243 


AGAGGGTT T CCCTGCCA 


1488 


2133 


GUGGCAGG CUGAUGAG X CGAA AAACCCUC 


244 


GAGGGTTT C CCTGCCAC 


1489 
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2145 


AGCUCUCA CUGAUGAG X CGAA ACUGUGGC 


245 


GCCACAGT C TGAGAGCT 


1490 


2154 


GAGCCAGG CUGAUGAG X CGAA AGCUCUCA 


246 


TGAGAGCT C CCTGGCTC 


1491 


2162 


CCGUGUGG CUGAUGAG X CGAA AGCCAGGG 


247 


CCCTGGCT C CCACACGG 


1492 


2172 


AUUAUCUG CUGAUGAG X CGAA ACCGUGUG 


248 


C AC ACGGT T CAGATAAT 


1493 


2173 


GAUUAUCU CUGAUGAG X CGAA AACCGUGU 


249 


ACACGGTT C AGATAATC 


1494 


2178 


GCAGGGAU CUGAUGAG X CGAA AUCUGAAC 


250 


GTTCAG AT A ATCCCTGC 


1495 


2181 


GCAGCAGG CUGAUGAG X CGAA AUUAUCUG 


251 


CAGATAAT C CCTGCTGC 


1496 


2192 


GAGGGUAA CUGAUGAG X CGAA AUGCAGCA 


252 


TGCTGCAT T TTACCCTC 


1497 


2193 


UGAGGGUA CUGAUGAG X CGAA AAUGCAGC 


253 


GCTGCATT T TACCCTCA 


1498 


2194 


AUGAGGGU CUGAUGAG X CGAA AAAUGCAG 


254 


CTGCATTT T ACCCTCAT 


1499 


2195 


GAUGAGGG CUGAUGAG X CGAA AAAAUGCA 


255 


TGCATTTT A CCCTCATC 


1500 


2200 


UGCAUGAU CUGAUGAG X CGAA AGGGUAAA 


256 


1 TTACCCT C ATCATGCA 


1501 


2203 


UGGUGCAU CUGAUGAG X CGAA AUGAGGGU 


257 


ACCCTCAT C ATGCACCA 


1502 


2214 


UUUGGCUA CUGAUGAG X CGAA AGUGGUGC 


258 


GCACCACT T TAG CC AAA 


1503 


2215 


AUUUGGCU CUGAUGAG X CGAA AAGUGGUG 


259 


CACCACTT T AGCCAAAT 


1504 


2216 


AAUUUGGC CUGAUGAG X CGAA AAAGUGGU 


260 


ACCACTIT A GCCAAATT 


1505 


2224 


GGAGACAG CUGAUGAG X CGAA AUUUGGCU 


261 


AGCCAAAT T CTGTCTCC 


1506 


2225 


AGGAGACA CUGAUGAG X CGAA AAUUUGGC 


262 


GCCAAATT C TGTCTCCT 


1507 


2229 


AUGCAGGA CUGAUGAG X CGAA ACAGAAUU 


263 


AATTCTGT C TCCTGCAT 


1508 


2231 


GUAUGCAG CUGAUGAG X CGAA AGACAGAA 


264 


TTCTGTCT C CTGCATAC 


1509 


2238 


CCGGAGUG CUGAUGAG X CGAA AUGCAGGA 


265 


TCCTGCAT A CACTCCGG 


1510 


2243 


GCAUGCCG CUGAUGAG X CGAA AGUGUAUG 


266 


CATACACT C CGGCATGC 


1511 


2254 


UGGUGUUG CUGAUGAG X CGAA AUGCAUGC 


267 


GCATGCAT C CAACACCA 


1512 


2269 


CAUCUAGA CUGAUGAG X CGAA AGCCAUUG 


268 


CAATGGCT T TCTAGATG 


1513 


2270 


UCAUCUAG CUGAUGAG X CGAA AAGCCAUU 


269 


AATGGCTT T CTAGATGA 


1514 


2271 


CUCAUCUA CUGAUGAG X CGAA AAAGCCAU 


270 


ATGGCTTT C TAGATGAG 


1515 


2273 


CACUCAUC CUGAUGAG X CGAA AGAAAGCC 


271 


GGCTTTCT A GATGAGTG 


1516 


2287 


AGCAAAUG CUGAUGAG X CGAA AUGGCCAC 


272 


GTGGCCATT CATTTGCT 


1517 


2288 


AAGCAAAU CUGAUGAG X CGAA AAUGGCCA 


273 


TGGCCATT C ATTTGCTT 


1518 


2291 


AGCAAGCA CUGAUGAG X CGAA AUGAAUGG 


274 


CCATTCAT T TGCTTGCT 


1519 


2292 


GAGCAAGC CUGAUGAG X CGAA AAUGAAUG 


275 


CATTCATT T GCTTGCTC 


1520 



WO 99/54459 



PCT/US99/08547 



66 



5 



10 



20 



25 



30 



Z2yo 


a APirn Afir pi in at in ah x CO a a agPAAAUG 

AA^UvJAVJ^* v_U VJ/\U VJ/avj y\, ^vJ/Vrt nuv/nnnuv» 


276 


CATTTGCT T GCTCAGTT 


1521 


2300 


1 I A AfiAAfl I PI IOAI IGAG X PGAA AGCAAGCA 


277 


TGCTTGCT C AGTTCTTA 


1522 


2304 


ppah ta An pTl^Al in AH X PGAA APIJGAGCA 


278 


TGCTCAGT T CTTAGTGG 


1523 




am APT IA A PIIGATJGAG X CGAA AACUGAGC 


279 


GCTCAGTT C TTAGTGGC 


1524 


23U/ 


m TnPP API I PI IOAI IGAG X CGAA AGAACUGA 


280 


TCAGTTCT T AGTGGCAC 


1525 




l mi 1GPPAP PUGAUGAG X CGAA AAGAACUG 


281 


CAGTTCTT A GTGGCACA 


1526 


11 1 Q 


An AP AH A A PI IGAUGAG X PGAA AUGUGCCA 


282 


TGGCACAT C TTCTGTCT 


1527 


2320 


^ a An ap An pi in ai ioao x PGAA AGAUGIJGC 


283 


GCACATCT T CTGTCTTC 


1528 


in i 
2321 


ap a An AP A PTTGA1 IGAG X PGAA AAGATJGIJG 


284 


CACATCTT C TGTCTTCT 


1529 


2325 


aoaoaa or ir; ai in An y pn a a apaoaaoa 

CAALAviAA LUUnUUnU A V^U/\>\ 


285 


TCT1 CTGT C TTCTGTTG 


1530 


2327 


r>r*r* a xrAP. r*T IP AT IP AO Y PGA A AG AP AG A A 


286 


TTCTGTCT T CTGTTGGG 


1531 


2328 


ii/-*/t*a apa /"■nnATIPAn Y PnAA AAGAPAGA 


287 


TCTGTCTT C TGTTGGGA 


1532 


2332 


t/^i ti icrr* r*\ in at in An Y pn A A APAG A AG A 


288 


TCTTCTGT T GGGAACAG 


1533 


2351 


a prn 11 \r*r' c*\ m ai tn An Y PPA A A! IPPPI 11 II I 


289 


AAAGGGAT T CCAAGGCT 


1534 


2352 


itArm it ir 1 oti^at rnAn y ppa a a AI IPPPI III 


290 


AAGGGATT C CAAGGCTA 


1535 


2360 


r»A a A/-iATTfi or ir; a t rn a n y pn a a AGPPI II IGG 

vAAAvJAUU LUUnUUnu A \^KJ/\J\ aulvuuuv 


291 


CCAAGGCT A AATCTTTG 


1536 


11£yf 

2io4 


riiTiArAA a m in Aim An Y PGAA AinitlAGPP 


292 


GGCTAAAT C TTTGTAAC 


1537 


2ioo 


" WiTril u i a c a pi in Aim AO Y PGAA AGATIIIIIAG 


293 


CTAAATCT T TGTAACAG 


1538 


23o7 


nci tpi ti I at r*T in A I in An Y Pf 1A A A AG AT II IT I A 


294 


TAAATCTT T GTAACAGC 


1539 


/U 


AnAnPIIGII PI IGAT IGAG X PGAA ACAAAGAU 


295 


ATC1T1GT A ACAGCTCT 


1540 


ZJ / / 


nnn a a An a pi ig ai igag x pga a agpi JGUUA 


296 


TAACAGCT C TCTTTCCC 


1541 


2J /y 


r/:p.nr.AAA n ir.Al in An Y PG A A AGAGPIIGTI 
UOVJVJVJAAA HJUAUUn.VJ A v-vj/VrV nuAU^uuu 


297 


ACAGCTCT C TTTCCCCC 


1542 


I^Ql 

23ol 


a AnnnnnA r*TinAimAn Y PGAA AGAGAGPII 


298 


AGCTCTCT T TCCCCCTT 


1543 


2382 


i~\ m i/^pppr pt ir.ATinA^ y ppa a a AnAnAGP 
CAAOCjOOCj UUUAUUAvj A tuAA aauauaul 


299 


GCTCTCTT T CCCCCTTG 


1544 


2383 


r*r* a k r»i to a t xn A Y PP A A AAAPAPAn 
GCAAuuOlJ L/UuAUOAvj a ULrAA AAAuAUAu 




CTCTCTTT C CCCCTTGC 


1545 


2389 


AACAUAGC CUGAUGAG X CGAA AGGGGGAA 


301 


TTCCCCCT T GCTATGTT 


1546 


2393 


UAGUAACA CUGAUGAG X CGAA AGCAAGGG 


302 


CCCTTGCT A TGTTACTA 


1547 


2397 


CGCUUAGU CUGAUGAG X CGAA ACAUAGCA 


303 


TGCTATGT T ACTAAGCG 


1548 


2398 


ACGCUUAG CUGAUGAG X CGAA AACAUAGC 


304 


GCTATGTT A CTAAGCGT 


1549 


2401 


CUCACGCU CUGAUGAG X CGAA AGUAACAU 


305 


ATGTTACT A AGCGTGAG 


1550 


2413 


GCUACGGG CUGAUGAG X CGAA AUCCUCAC 


306 


GTGAGGAT T CCCGTAGC 


1551 
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OA 1 A 


AGPITAPGG PI IGAI JG AG X CGAA AAUCCUCA 


307 


TGAGGATT C CCGTAGCT 


1552 


24 IV 


TTGA AGAGP PUGAUGAG X CGAA ACGGGAALJ 


308 


ATTCCCGT A GCTCTTCA 


1553 


Z4ZJ 


GPIIGIIGAA PUGAUGAG X CGAA AGCUACGG 


309 


CCGTAGCT C TTCACAGC 


1554 


OAO^ 
Z4Zj 


r AGCI IGIIG CUGAUGAG X CGAA AGAGCUAC 


310 


GTAGCTCT T CACAGCTG 


1555 


2420 


I IPAGPI IGT f PI IGAUGAG X CGAA AAGAGCUA 


311 


TAGCTCTT C ACAGCTGA 


1556 


24 j 8 


PAT I AG API! PUGAUGAG X CGAA AGUUCAGC 


312 


GCTGAACT C AGTCTATG 


1557 


2442 


a a cm ait a PI 1G AUG AG XPGAA APUGAGUU 


313 


AACTCAGT C TATGGGTT 


1558 


2444 


rr a Arm A PT IG Al IG AG X CGAA AGACUGAG 


314 


CTCAGTCT A TGGGTTGG 


1559 


2450 


t rr- a rtrnrc* miGATTGAG Y PGA A APPPAIIAG 


315 


CTATGGGT T GGGGCTCA 


1560 


2457 


An ti r Ai rr*i i r*T igai igag y PGA a AGPPPPAA 

AUUUAULU v^Uvjr\Uw/\.vj A V-/VJ/Vr\ /WJ^V^v^V^rv/A 


316 


TTGGGGCT C AG ATAACT 


1561 


24 o2 


PAPAHAf.! 1 PT IGAI 1GAG X PGAA AUCUGAGC 

V^/\L^/\v.J./\VJ U v^UvJrtVJVJrVVJ J\. v^UriA. r\vj\^\j\j 


317 


GCTCAGAT A ACTCTGTG 


1562 


24 bo 


A Al ]nc AC A PTTGATIGAG X PGAA AGIJIiAUCU 


318 


AGATAACT C TGTGCATT 


1563 


2474 


"rfiirn ll TA nTGATTG AG Y PGA A AlIGPAPAG 


319 


CTGTGCAT T TAAGCTAC 


1564 


24/ j 


Am 1AGP1TI) PI 1GAIIGAG X CGAA AAUGCACA 


320 


TGTGCATT T AAGCTACT 


1565 


247o 


A API IAGPIT PI IG AUG AG X PGAA AAAUGCAC 


321 


GTGCATTT A AGCTACTT 


1566 


2481 


TiriTAPA AG PTIGAI IGAG X PGAA AGPIJIIAAA 


322 


TTTAAGCT A CTTGTAGA 


1567 


24o4 


nT tpt tpt TAP PTTGATTGAG X PGAA AGUAGCUU 


323 


AAGCTACT T GTAGAGAC 


1568 


24 0 / 


t rrw:T TPT IP PI IGAI IGAG X PGAA ACAAGUAG 


324 


CTACTTGT A GAGACCCA 


1569 


o<nc 
23 Uo 


AAA A I TGI TP PT IGAI IGAG X PGAA ACUCTJCCA 
AAAAUuUVj v^>IJ\j/\vjvj)/\vJ yv V/Uaa / » w u wuu 


325 


TGGAGAGT A GACATTTT 


1570 


0^ 1 A 


AGAGGPAA PT IG AT IG AG X CGAA AUGUCUAC 


326 


GTAGACAT T TTGCCTCT 


1571 


2313 


p AG AGGPA PT IGAI IGAG X CGAA AAUGUCUA 


327 


TAGACATT T TGCCTCTG 


1572 


2D ID 


i ir AGAGGP PI IGAI IGAG X CGAA AAAUGUCU 


328 


AGACATTT T GCCTCTGA 


1573 


9-^01 


GPT TI TAI IPA PI IGATIGAG X CGAA AGGCAAAA 


329 


TTTTGCCT C TGATAAGC 


1574 


2320 


a A Am Tr;r*I 1 r'lTGATTGAG X PGAA ATTPAGAGG 


330 


CCTCTGAT A AGCACTTT 


1575 


25jj 


rArniriA a a r'TTn AT IGAG Y PGA A AG1IGPIITIA 
v*AUUUAAn k-UvJ/Y vJVJ/VVj j\. v_VJr\-r\ /\vjvjvjv»-vj Kjrx 


331 


TAAGCACT T TTTAAATG 


1576 


2534 


CCAUUUAA CUGAUGAG X CGAA AAGUGCUU 


332 


AAGCACTT T TTAAATGG 


1577 


2535 


GCCAUUUA CUGAUGAG X CGAA AAAGUGCU 


333 


AGCACTTT T TAAATGGC 


1578 


2536 


AGCCAUUU CUGAUGAG X CGAA AAAAGUGC 


334 


GCACTTTT T AAATGGCT 


1579 


2537 


GAGCCAUU CUGAUGAG X CGAA AAAAAGUG 


335 


CACTTTTT A AATGGCTC 


1580 


2545 


UAUUCUUA CUGAUGAG X CGAA AGCCAUUU 


336 


AAATGGCT C TAAGAATA 


1581 


2547 


CUUAUUCU CUGAUGAG X CGAA AGAGCCAU 


337 


ATGGCTCT A AGAATAAG 


1582 
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2553 


CUGUGGCU CUGAUGAG X CGAA AUUCUUAG 


338 


OT* A AO A AT* A AOOOAOAO. 

C TAAO AA 1 A AOCCACAu 


1 SCI ll 

IJOJ jj 


2570 


CCACUUUA CUGAUGAG X CGAA AUUCUUUG 


339 


OA A AOA ATTT'A A A OTO.O. 

CAAAOAA. III AAAU 1 UvJ 


1 <JIA 1 


2571 


GCCACUUU CUGAUGAG X CGAA AAUUCUUU 


340 


AAAOAA1 1 1 AAAOIUUL. 


1 II 
Ljoj 


2572 


AGCCACUU CUGAUGAG X CGAA AAAUUCUU 


341 


AAOAA I I 1 A AAO 1 uuL 1 


1300 


2581 


AAUUAAAG CUGAUGAG X CGAA AGCCACUU 


J4Z 


AAO 1 OOO 1 L LI 1 J AA J 1 


I JO / 


2584 


ACCAAUUA CUGAUGAG X CGAA AGGAGCCA 


343 


T , OOOT*OOT T TA A TTO.O.T 

IOOCIOOJ i IAAIIOUJ 


1 JOO 


2585 


CACCAAUU CUGAUGAG X CGAA AAGGAGCC 


344 


GGCICC1 1 1 AA1 luulu 


1 joy 


2586 


UCACCAAU CUGAUGAG X CGAA AAAGGAGC 


345 


ootcjotti a ai iouioa 


i con 


2589 


AAGUCACC CUGAUGAG X CGAA AUUAAAGG 


346 


CCTiTAAl I UU1UAU11 


1 CO 1 

1 jVl 


2597 


CUUUCUCC CUGAUGAG X CGAA AGUCACCA 


347 


TGGTGACT 1 GGAGAAAO 




2608 


CCUUGACC CUGAUGAG X CGAA AGCUUUCU 


348 


AGAAAGCT A GGTCAAGO 




2612 


AAACCCUU CUGAUGAG X CGAA ACCUAGCU 


349 


AGCTAGO I C AAUOU 1 1 1 


1 5?4 


2619 


CUAUAAUA CUGAUGAG X CGAA ACCCUUGA 


350 


TCAAUUOT T TA 1 1 A 1 AO 


1 co< 


2620 


GCUAUAAU CUGAUGAG X CGAA AACCCUUG 


351 


CAAOOUTI I A I'J A I AOU 


1 jVo 


2621 


UGCUAUAA CUGAUGAG X CGAA AAACCCUU 


352 


AAGGG1 1 I A 1 IA1AOCA 




2623 


GGUGCUAU CUGAUGAG X CGAA AUAAACCC 


353 


OOO 111A1 1 A 1 AULALL 




2624 


GGGUGCUA CUGAUGAG X CGAA AAUAAACC 


354 


OO 1 1 I A 1 1 A 1 AOLALLL 


1 SOQ 


2626 


GAGGGUGC CUGAUGAG X CGAA AUAAUAAA 


355 


I J I Al I Al A OOAOOOIL 


10W 


2634 


GAAUACAA CUGAUGAG X CGAA AGGGUGCU 


356 


AOUACXJCT C Tl O 1 A 1 I C 


lOvl 


2636 


AGGAAUAC CUGAUGAG X CGAA AGAGGGUG 


357 


CACCCTCT T 0 1 ATI LO 1 


lOUx 


2639 


CAUAGGAA CUGAUGAG X CGAA ACAAGAGG 


358 


CC1CI lOl A J lOdAlO 


10UJ 


2641 


GCCAUAGG CUGAUGAG X CGAA AUACAAGA 


359 


ICIIOlAl 1 OCIAIOOO 


101W 


2642 


UGCCAUAG CUGAUGAG X CGAA AAUACAAG 


360 


erf oi All cotaiuooa 




2645 


CAUUGCCA CUGAUGAG X CGAA AGGAAUAC 


361 


GTAITCCT a tggcaatg 


1606 


2657 


CAUAAAAG CUGAUGAG X CGAA AUGCAUUG 


362 


caatgcat cj ci thai o 


1607 


2660 


1 ii ri TO a 1 1 a A PT TO A T TO A O. Y OO, AAA f\f\ A 1 

UUUCAUAA LUOAUOAO A LUAA AuuAUutA 


jOJ 


TfiCATCCT T TTATGAAA 


1608 


2661 


CUUUCAUA CUGAUGAG X CGAA AAGGAUGC 


364 


GCATCCTT T TATGAAAG 


1609 


2662 


ACUUUCAU CUGAUGAG X CGAA AAAGGAUG 


365 


CATCCITT T ATGAAAGT 


1610 


2663 


CACUUUCA CUGAUGAG X CGAA AAAAGGAU 


366 


ATCCTTTT A TGAAAGTG 


1611 


2674 


UUAAGGUG CUGAUGAG X CGAA ACCACUUU 


367 


AAAGTGGT A CACCTTAA 


1612 


2680 


AAAGCUUU CUGAUGAG X CGAA AGGUGUAC 


368 


GTACACCT T AAAGCTTT 


1613 
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AAAAGCUU CUGAUGAG X CGAA AAGGUGUA 


369 


TACACCTT A AAGCTTTT 


1614 


ZOO / 


UCAUAUAA CUGAUGAG X CGAA AGCUUUAA 


370 


TTAAAGCT T TTATATGA 


1615 


IZOOO 


GUCAUAU A CUGAUGAG X CGAA AAGCUUUA 


371 


TAAAGCTT T TATATG AC 


16)6 


2689 


AGUCAUAU CUGAUGAG X CGAA AAAGCUUU 


372 


AAAGCTTT T ATATGACT 


1617 


2690 


CAGUCAUA CUGAUGAG X CGAA AAAAGCUU 


373 


AAGCTITr A TATGACTG 


1618 


2692 


U ACAGUCA CUGAUGAG X CGAA AUAAAAGC 


374 


GCTTTTAT A TGACTGTA 


1619 


Z t\J\J 


UACUCUGC CUGAUGAG X CGAA ACAGUCAU 


375 


ATGACTGT A GCAGAGTA 


1620 


77n(t 

J.} Ho 


T ]CACCAGA CUGAUGAG X CGAA ACUCUGCU 


376 


AGCAGAGT A TCTGGTGA 


1621 


Z/IU 


A AT IP APP A fllGAUGAG X CGAA AUACUCUG 


377 


CAGAGTAT C TGGTGATT 


1622 


071 ft 
Z/ 10 


n A AT n lO AP n ffi AI 1GAG X CGAA AUC ACCAG 


378 


CTGGTGAT T GTCAATTC 


1623 


Z /Zl 


AOl IfiAAIITJ CUGAUGAG X CGAA ACAAUCAC 


379 


GTGATTGT C AATTCACT 


1624 


Z / Zj 


fifiCiAAGlJG CUGAUGAG X CGAA AUUGACAA 


380 


TTGTCAAT T CACTTCCC 


1625 


7>70A 
Z /.ZO 


finr.nA agi l n IGAIJGAG X CGAA AAUUGACA 


381 


TGTCAATT C ACTTCCCC 


1626 


Z / jU 


ATiAnnnfifi CUGAUGAG X CGAA AGUGAAUU 


382 


AATTCACT T CCCCCTAT 


1627 


071 1 
Z / j 1 


1 IAII AGGGG CUGAUGAG X CGAA AAGUGAAU 


383 


ATTCACTT C CCCCTATA 


1628 


z / J / 


U AUUCCUA CUGAUGAG X CGAA AGGGGGAA 


384 


TTCCCCCT A TAGGAATA 


1629 


77^9 


UGUAUUCC CUGAUGAG X CGAA AUAGGGGG 


385 


CCCCCTAT A GGAATACA 


1630 


2745 


GCCCCUUG CUGAUGAG X CGAA AUUCCU AU 


386 


ATAGGAAT A CAAGGGGC 


1631 


2772 


AACUAGGG CUGAUGAG X CGAA AUCUGCCU 


387 


AGGCAGAT C CCCTAGTT 


1632 


2777 


UGGCCAAC CUGAUGAG X CGAA AGGGGAUC 


388 


GATCCCCT A GTTGGCCA 


1633 


2780 

Z / Ov 


UCUUGGCC CUGAUGAG X CGAA ACUAGGGG 


389 


CCCCTAGT T GGCCAAGA 


1634 


7701 

Z / 7 1 


GUUAAAAU CUGAUGAG X CGAA AGUCUUGG 


390 


CCAAGACT T ATTTTAAC 


1635 


7707 
z * xz 


AfiTTTIAAAA CUGAUGAG X CGAA AAGUCUUG 


391 


CAAGACTT A TTTTAACT 


1636 


770.1 


' P AAGUTJAA CUGAUGAG X CGAA AUAAGUCU 


392 


AGACTTAT T TTAACTTG 


1637 


779S 


UCAAGUUA CUGAUGAG X CGAA AAUAAGUC 


393 


GACTTATT T TAACTTGA 


1638 


2796 


AUCAAGUU CUGAUGAG X CGAA AAAUAAGU 


394 


ACTTATTT T AACTTGAT 


1639 


2797 


UAUCAAGU CUGAUGAG X CGAA AAAAUAAG 


395 


CTTATTTT A ACTTGATA 


1640 


2801 


AGUGUAUC CUGAUGAG X CGAA AGUUAAAA 


396 


TTTTAACT T GATACACT 


1641 


2805 


CUGCAGUG CUGAUGAG X CGAA AUCAAGUU 


397 


AACTTGAT A CACTGCAG 


1642 


2816 


ACACUCUG CUGAUGAG X CGAA AUCUGCAG 


398 


CTGCAGAT T CAGAGTGT 


1643 


2817 


GACACUCU CUGAUGAG X CGAA AAUCUGCA 


399 


TGCAGATT C AGAGTGTC 


1644 | 



WO 99/54459 



PCI7US99/08547 



70 





AGCUUCAG CUGAUGAG X CGAA ACACUCUG 


400 


CAGAGTGT C CTGAAGCT 


1645 


iOJI 


CAGAGGCA CUGAUGAG X CGAA AGCUUCAG 


401 


CTGAAGCT C TGCCTCTG 


1646 




GAAAGCCA CUGAUGAG X CGAA AGGCAGAG 


402 


CTCTGCCT C TGGCriTC 


1647 


2846 


UGACCGGA CUGAUGAG X CGAA AGCCAGAG 


403 


CTCTGGCT T TCCGGTCA 


1648 


9S47 


AUGACCGG CUGAUGAG X CGAA AAGCCAGA 


404 


TCTGGCTT T CCGGTCAT 


1649 


2848 


CAUGACCG CUGAUGAG X CGAA AAAGCCAG 


405 


CTGGCTTT C CGGTCATG 


1650 




fi A A CCC AU CUGAUGAG X CGAA ACCGGAAA 


406 


TTTCCGGT C ATGGGTTC 


1651 




i it i a An igg run AUG AG X CGAA ACCCAUGA 


407 


TCATGGGT T CCAGTTAA 


1652 




at it I A API in CUGAUGAG X CGAA AACCCAUG 


408 


CATGGGTT C CAGTTAAT 


1653 


">ff££ 


r ai IGA AI III CUGAUGAG X CGAA ACUGGAAC 


409 


GTTCCAGT T AATTCATG 


1654 


9 RAT 
£80/ 


GCAI Ifi A AT J CUGAUGAG X CGAA AACUGGAA 


410 


TTCCAGTT A ATTCATGC 


1655 


9R7ft 


GAGGCAUG CUGAUGAG X CGAA AUUAACUG 


411 


CAGTTAAT T CATGCCTC 


1656 


91171 
Zo / 1 


GG A GGC AT 1 CUfiAUGAG X CGAA AAUUAACU 


412 


AGTTAATT C ATGCCTCC 


1657 


9878. 


GUCCAUGG CUGAUGAG X CGAA AGGCAUGA 


413 


TCATGCCT C CCATGGAC 


1658 


98&Q 


GCUCUCCA CUGAUGAG X CGAA AGGUCCAU 


414 


ATGGACCT A TGGAGAGC 


1659 


9qos 

£,zf\JJ 


CI I A AGAUC CUGAUGAG X CGAA ACUUGUUG 


415 


C AACAAGT T GATCTTAG 


1660 


9Qf>q 


UU AACUAA CUGAUGAG X CGAA AUCAACUU 


416 


AAGTTGAT C TTAGTTAA 


1661 


901 1 


ACUUAACU CUGAUGAG X CGAA AGAUCAAC 


417 


GTTGATCT T AGTTAAGT 


1662 




GACUUAAC CUGAUGAG X CGAA AAGAUCAA 


418 


TTGATCTT A GTTAAGTC 


1663 


90M 


CtGAGACUU CUGAUGAG X CGAA ACUAAGAU 


419 


ATCTTAGT T AAGTCTCC 


1664 


9QIA 

Z? IO 


fififi AG ACT I CUGAUGAG X CGAA AACUAAGA 


420 


TCTTAGTT A AGTCTCCC 


1665 


909ft 


tt at jACiGGA CUGAUGAG X CGAA ACUUAACU 


421 


AGTTAAGT C TCCCTATA 


1666 


9O90 


CAT I AT JAGG CI IGAUGAG X CGAA AGACUUAA 


422 


TTAAGTCT C CCTATATG 


1667 


9G9A 


CCCTICAUA CUfiAUGAG X CGAA AGGGAGAC 


423 


GTCTCCCT A TATGAGGG 


1668 


9098 

Z7Z0 


AUCCCTICA CUGAUGAG X CGAA AUAGGGAG 


424 


CTCCCTAT A TGAGGGAT 


1669 


2937 


CAGGAACU CUGAUGAG X CGAA AUCCCUCA 


425 


TGAGGGAT A AGTTCCTG 


1670 


2941 


AAAUCAGG CUGAUGAG X CGAA ACUUAUCC 


426 


GGATAAGT T CCTGATTT 


1671 


2942 


AAAAUCAG CUGAUGAG X CGAA AACUUAUC 


427 


G ATAAGTT C CTGATTTT 


1672 


2948 


AAAACAAA CUGAUGAG X CGAA AUCAGGAA 


428 


TTCCTGAT T TTTGTTTT 


1673 


2949 


AAAAACAA CUGAUGAG X CGAA AAUCAGGA 


429 


TCCTGATT T TTGTTm 


1674 


2950 


UAAAAACA CUGAUGAG X CGAA AAAUCAGG 


430 


CCTGATTT T TGTTTTTA 


1675 
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2951 


AUAAAAAC CUGAUGAG X CGAA AAAAUCAG 


A 1 1 

431 


l*lv>Al 111 1 VJl 1 1 J 1A1 


1676 


2954 


AAAAUAAA CUGAUGAG X CGAA ACAAAAAU 


XT) 

43i 


All J 1 Jul i t 1 1AI 1 I 1 


1677 

ID / / 


2955 


AAAAAUAA CUGAUGAG X CGAA AACAAAAA 


All 

433 


11JJIVJ11 I 1 lnl J 1 1 1 


1fi78 

ID to 


2956 


CAAAAAUA CUGAUGAG X CUAA AAACAAAA 


A1A 


ITITfiTTT TTATITITO 

1 I 1 1U1 1 i 1 1 AJ 1 1 1 1VJ 


1679 


2957 


ACAAAAAU CUGAUGAG X CUAA AAAAUAAA 


A1S 

43 D 


1 1 1U1 1 1 1 1 Al 1 1 1 1U1 


J wou 


2958 


CACAAAAA CUGAUGAG X CGAA AAAAACAA 


436 


llVJlllil A 1 J 1 1 1VJ1U 


1681 


2960 


AACACAAA CUGAUGAG X CGAA AUAAAAAC 


437 


OlllllAl 1 lllvjlUJl 




2961 


UAACACAA CUGAUGAG X CGAA AAUAAAAA 


438 


1 1 1 1 1 At 1 1 i ivj 1U J 1 A 


1053 


2962 


GUAACACA CUGAUGAG X CGAA AAAUAAAA 


439 


llllAill J ILxlOli AU 


loot 


2963 


UGUAACAC CUGAUGAG X CGAA AAAAUAAA 


440 


1 ITA1 I'l 1 1 UIU1 1AUA 


1 053 


2968 


UCUUUUGU CUGAUGAG X CGAA ACACAAAA 


441 


1 1 1 1 U 1 \J I I ALAAAAuA 


1 DOO 


2969 


UUCUUUUG CUGAUGAG X CGAA AACACAAA 


442 


1 1 1U1U1 1 A LAAAAUnA 


1 DO / 


2984 


CAGGGAGG CUGAUGAG X CGAA AGGGCUUU 


A At 

443 


aaa nnccT r* octccctci 


1688 


2988 


AGUUCAGG CUGAUGAG X CGAA AGGGAGGG 


AAA 

444 




16R9 

IO07 


2997 


CUUACUGC CUGAUGAG X CGAA AGUUCAGG 


445 


L-L J UAAL I I UL.AU 1 AAU 


J U7U 


3003 


GCUGACCU CUGAUGAG X CGAA ACUGCAAG 


44b 


U J 1 VJL/AVJ 1 r\ A.VJVJ I Im>/\VJ\^ 


1691 

1 U7 1 


3008 


CUGAAGCU CUGAUGAG X CGAA ACCUUACU 


447 


AO J AAuu 1 U AUt 1 1 w\VJ 


1692 

1U7X 


3013 


AGGUCCUG CUGAUGAG X CGAA AGCUGACC 


A AO 

44o 


Kj\j 1 UAOU I 1 C/\VJU/V^l^ 1 


1693 


3014 


CAGGUCCU CUGAUGAG X CGAA AAGCUGAC 


AACk 

449 


\j I LAUL 1 1 t AkJOAt-V I vJ 


1694 
ivy 1 * 


3024 


CCCACUGG CUGAUGAG X CGAA ACAGGUCC 


450 


UVjAlA^iOl I LLAuluuU 




3025 


GCCCACUG CUGAUGAG X CGAA AACAGGUC 


451 




1696 


3039 


GAUCCAAG CUGAUGAG X CGAA ACAGUGCC 


452 


OOUAU lul At! i Vjsj A 1 L- 


io>/ 


3042 


GAAGAUCC CUGAUGAG X CGAA AGUACAGU 


453 


AC 1 0 1 AL 1 1 UuA 1 L- 1 1 U 


16QR 

1070 


3047 


GCCGGGAA CUGAUGAG X CGAA AUCCAAGU 


454 


ALT11 UUA 1 C 11 UUUOUU 




3049 


ACGCCGGG CUGAUGAG X CGAA AGAUCCAA 


455 


1 IOvjAICI 1 Ci-tAJUCUl 


1 7Afl 




CACGCCGG CUGAUGAG X CGAA AAGAUCCA 


456 


TGGATCTT C CCGGCGTG 


1701 


3068 


CCCUGUGU CUGAUGAG X CGAA AGGCACAC 


457 


GTGTGCCT T ACACAGGG 


1702 


3069 


CCCCUGUG CUGAUGAG X CGAA AAGGCACA 


458 


TGTGCCTT A CACAGGGG 


1703 


3086 


CCACAGUG CUGAUGAG X CGAA ACAGUUCA 


459 


TGAACTGT T CACTGTGG 


1704 


3087 


ACCACAGU CUGAUGAG X CGAA AACAGUUC 


460 


GAACTGTT C ACTGTGGT 


1705 


3112 


CUACCAUU CUGAUGAG X CGAA ACCCUCAU 


461 


ATGAGGGT A AATGGTAG 


1706 
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1110 

J 1 17 


PTITTTIPAAC CUGAUGAG X CGAA ACCAUUUA 


462 


TAAATGGT A GTTGAAAG 


1707 


1 1*50 
J XJLL 


CUCCUUUC CUGAUGAG X CGAA ACUACCAU 


463 


ATGGTAGT T GAAAGGAG 


1708 


3 I4o 


niAAAT ip_p pi IGAI JG AG X CGAA ACACCAGG 


464 


CCTGGTGT T GCATTTAG 


1709 


315] 


rArTir.rifA PI IGAI IGAG X PGAA AlJGCAACA 


465 


TGTTGCAT T TAGCCCTG 


1710 


1 1 CI 

J ID J. 


ppagggpti piigaiigag x pgaa aaugcaac 


466 


GTTGCATT T AGCCCTGG 


1711 


3133 


rvPAGPrGP PI TG AT IGAG X PGA A AAAUGCAA 


467 


TTGCATTT A GCCCTGGG 


1712 


3 ivy 


nrrArAAH PTTGATIGAG X PGA A APUGUUCA 


468 


TGAACAGT A CTTGTGCA 


1713 


3182 


t t^pt ir.PAp pi 1GATIGAG X PGA A APiIJACUGU 


469 


ACAGTACT T GTGCAGGA 


1714 


3192 


rrpArA ap pti/":aitgag y pr.AA at IPPTIGPA 


470 


TGCAGGAT T GTTGTGGC 


1715 




niAnrrAP PTTGATIGAG X PG AA APAAUCCU 


471 


AGGATTGT T GTGGCTAC 


1716 




t if t/^t in TAG PI IGAI IGAG X PGA A AGCCACAA 


472 


TTGTGGCT A CTAGAGAA 


1717 


3205 


t impttitpttp PIIGAIIGAG X PGA A AGtJAGCCA 


473 


TGGCTACT A GAGAACAA 


1718 


3224 


t tt tpt iriPPP PT TGAl IGAG X PGA A APUUUCCC 


474 


GGGAAAGT A GGGCAGAA 


1719 


3Z4U 


PAr*A APTTG PI IGAI IGAG X PGAA AUCCAGUU 


475 


AACTGGAT A CAGTTCTG 


1720 


3Z4> 


" m tgpi 1PAG PI IGAI IGAG X CGAA ACUGUAUC 


476 


GATACAGT T CTGAGCAC 


1721 


3Z4o 


imiT/^PTTPA pi TG AT IGAG X PGAA AACUGUAU 


477 


ATACAGTT C TGAGCACA 


1722 


32o3 


appiigaGP PT IGAI IGAG X PGAA AGUCUGGC 


478 


GCCAGACT T GCTCAGGT 


1723 


320/ 


ppppappti PIIGAIIGAG X PGAA AGCAAGUC 


479 


GACTTGCT C AGGTGGCC 


1724 


32y3 


itttppttagg PI1GAI IGAG X PGAA AGCIJGCAG 
U U L>L^ UrVvJvJ v^ U vJ/\vJvJr\VJ A v^vJ/vrv /\vj*-*wvjvwt.vj 


480 


CTGCAGCT A CCTAGGAA 


1725 




a ATTGl II IPP PT IGAI IGAG X PGAA AGGUAGCU 


481 


AGCTACCT A GGAACATT 


1726 


33UO 


PTinPA Ar.r T PI TG AT IGAG X PGAA AUGUUCCU 


482 


AGGAACAT T CCTTGCAG 


1727 


33UO 


T TPTiriPA AT, PT TGATTGAG X PGAA AAtlGIIlJCP 


483 


GGAACATT C CTTGCAGA 


1728 


3309 


/"->/-« /~«t tpi irT 1 oi rn a T Ttf"5Af^ Y PGA A AGGA AT IGt 1 


484 


ACATTCCT T GCAGACCC 


1729 


3323 


ppa a ArprnirAiir.Ar.YPr.AA AI1GPGGGG 


485 


CCCCGCAT T GCCTTTGG 


1730 


3328 


papppppa p 1 1 p a t rr. a r. y rn a a aggpaaiig 


486 


CATTGCCT T TGGGGGTG 


1731 


3329 


GCACCCCC CUGAUGAG X CGAA AAGGCAAU 


487 


ATTGCCTT T GGGGGTGC 


1732 


3346 


ACCCCAGG CUGAUGAG X CGAA AUCCCAGG 


488 


CCTGGGAT C CCTGGGGT 


1733 


3355 


AGCUGGAC CUGAUGAG X CGAA ACCCCAGG 


489 


CCTGGGGT A GTCCAGCT 


1734 


3358 


AAGAGCUG CUGAUGAG X CGAA ACUACCCC 


490 


GGGGTAGT C CAGCTCTT 


1735 


3364 


AUGAAU AA CUGAUGAG X CGAA AGCUGGAC 


49! 


GTCCAGCT C TTATTCAT 


1736 


3366 


AAAUGAAU CUGAUGAG X CGAA AGAGCUGG 


492 


CCAGCTCT T ATTCA TVY 


1737 
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|«£7 
jjO f 


*n A AAUGAA CUG AUGAG X CG AA AAGAGCUG 


493 


CAGCTCTT A TTCATTTC 


1738 


J JO? 


GGGAAAUG CUGAUGAG X CGAA AUAAGAGC 


494 


GCTCTTAT T CATTTCCC 


1739 




UGGGAAAU CUGAUGAG X CGAA AAUAAGAG 


495 


CrCTTATT C A'lTTCCCA 


1740 


1171 


CGCUGGGA CUGAUGAG X CGAA AUGAAUAA 


496 


TTATTCAT T TCCCAGCG 


1741 


1174 


ACGCUGGG CUGAUGAG X CGAA AAUGAAUA 


497 


TATTCATT T CCCAGCGT 


1742 


117^ 


r ArfiriJGG CUGAUGAG X CGAA AAAUGAAU 


498 


ATTCAT1T C CCAGCGTG 


1743 




pi ti in II irr ri IGAUGAG X CGAA ACCAGGGC 


499 


GCCCTGGT T GGAAGAAG 


1744 


34Uo 


tiapa ATI IT 1 PI IGAUGAG X CGAA ACAGCUGC 


500 


GCAGCTGT C AAGTTGTA 


1745 


3413 


niniiPiiAP PI IGAUGAG X CGAA ACUUGACA 


501 


TGTCAAGT T GTAGACAG 


1746 


3*MO 


paGPUGUP fUGAUGAG X CGAA ACAACUUG 


502 


CAAGTTGT A GACAGCTG 


1747 




AIIT IGUAGG CUGAUGAG X CGAA ACACAGCU 


503 


AGCTGTGT T CCTACAAT 


1748 


1/170 


a at iiini I AG PI IGAUGAG X CGAA AACACAGC 


504 


GCTGTGTT C CTACAATT 


1749 


1419 


pppa auug rtlGAUGAG X CGAA AGGAACAC 


505 


GTGTTCCT A CAATTGGC 


1750 


1/117 


gpi igggpp pugaugag X CGAA AUUGUAGG 


506 


CCTACAAT T GGCCCAGC 


1751 


147ft 


GIIGAPAGP CUGAUGAG X CGAA ACGGUCCC 


507 


GGGACCGT T GCTGTCAC 


1752 


14K4 


TTGAGTIAGU CUGAUGAG X CGAA ACAGCAAC 


50S 


GTTGCTGT C ACTACTCA 


1753 




AGCCUGAG CUGAUGAG X CGAA AGUGACAG 


509 


CTGTCACT A CTCAGGCT 


1754 


1401 


gt ir Anrrii pijgaugag x cgaa aguaguga 


510 


TCACTACT C AGGCTGAC 


1755 


33 1 1 


prsTlAAIIPU PT IGAUGAG X CGAA ACCAGGCC 


511 


GGCCTGGT C AGATTACG 


1756 


1^ 1£ 


np Al IAPG1 1 PT IGAUGAG X CGAA AUCUGACC 


512 


GGTCAGAT T ACGTATGC 


1757 


H 17 


nnPAI IAPG PI IGAUGAG X CGAA AAUCUGAC 


513 


GTCAGATT A CGTATGCC 


1758 


J J J. 1 


PA APW1GP A PI IGAUGAG X CGAA ACGUAAUC 


514 


GATTACGT A TGCCCTTG 


1759 


K7Q 


A A APPAPP PI IGAUGAG X CGAA AGGGCAUA 


515 


TATGCCCT T GGTGG1T1 


1760 


JJJJ 


UAUPUPUA PUG AUG AG X CGAA ACCACCAA 


516 


TTGGTGGT T TAGAGATA 


1761 


333b 


TTITATIPIIPIT PUG A TIG AG Y PGA A AAPPAPCA 


517 


TGGTGGTT T AG AGATAA 


1762 


3537 


AUUAUCUC CUGAUGAG X CGAA AAACCACC 


518 


GGTGGTTT A GAGATAAT 


1763 


3543 


UUUUGGAU CUGAUGAG X CGAA AUCUCUAA 


519 


TTAGAGAT A ATCCAAAA 


1764 


3546 


UGAUUUUG CUGAUGAG X CGAA AUUAUCUC 


520 


GAGATAAT C CAAAATCA 


1765 


3553 


CAAACCCU CUGAUGAG X CGAA AUUUUGGA 


521 


TCCAAAAT C AGGGT1TG 


1766 


3559 


CCAAACCA CUGAUGAG X CGAA ACCCUGAU 


522 


ATCAGGGT T TGGTTTGG 


1767 


3560 


CCCAAACC CUGAUGAG X CGAA AACCCUGA 


523 


TCAGGGTT T GGTTTGGG 


1768 
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[3564 


CUUCCCCA CUGAUGAG X CGAA ACCAAACC 


524 


GGTTTGGT T TGGGGAAG 


1769 


3565 


UCUUCCCC CUGAUGAG X CGAA AACCAAAC 


525 


GTTTGGTT T GGGGAAGA 


1770 


3578 


AGGGGGAG CUGAUGAG X CGAA AUUUUCUU 


526 


AAGAAAAT C CTCCCCCT 


1771 


3581 


GGAAGGGG CUGAUGAG X CGAA AGGAUUUU 


527 


AAAATCCT C CCCCTTCC 


1772 


3587 


GGGGGAGG CUGAUGAG X CGAA AGGGGGAG 


528 


CTCCCCCT T CCTCCCCC 


1773 


3588 


CGGGGGAG CUGAUGAG X CGAA AAGGGGGA 


529 


TCCCCC1T C CTCCCCCG 


1774 


3591 


GGGCGGGG CUGAUGAG X CGAA AGGAAGGG 


530 


CCCTTCCT C CCCCGCCC 


1775 


3603 


CGGUAGGG CUGAUGAG X CGAA ACGGGGCG 


531 


CGCCCCGT T CCCTACCG 


1776 


3604 


GCGGUAGG CUGAUGAG X CGAA AACGGGGC 


532 


GCCCCGTT C CCTACCGC 


1777 


3608 


GGAGGCGG CUGAUGAG X CGAA AGGGAACG 


533 


CGTTCCCT A CCGCCTCC 


1778 


3615 


CAGGAGUG CUGAUGAG X CGAA AGGCGGUA 


534 


TACCGCCT C CACTCCTG 


1779 


3620 


GCUGGCAG CUGAUGAG X CGAA AGUGGAGG 


535 


CCTCCACT C CTGCCAGC 


1780 


3630 


AAGGAAAU CUGAUGAG X CGAA AGCUGGCA 


536 


TGCCAGCT CAM 1CCTT 


1781 


3633 


UUGAAGGA CUGAUGAG X CGAA AUGAGCUG 


537 


CAGCTCAT T TCCTTCAA 


1782 


3634 


AUUGAAGG CUGAUGAG X CGAA AAUGAGCU 


538 


AGCTCATT T CLTTCAAT 


1783 


3635 


AAUUGAAG CUGAUGAG X CGAA AAAUGAGC 


539 


GCTCATTT C CTTCAATT 


1784 


3638 


GGAAAUUG CUGAUGAG X CGAA AGGAAAUG 


540 


CATTTCCT T CAAnTCC 


1785 


3639 


AGGAAAUU CUGAUGAG X CGAA AAGGAAAU 


541 


AriTCcrr c aatucct 


1786 


3643 


UCAAAGGA CUGAUGAG X CGAA AUUGAAGG 


542 


CCTTCAAT T TCCTTTGA 


1787 


3644 


GUCAAAGG CUGAUGAG X CGAA AAUUGAAG 


543 


CTTCAATT T CCTTTGAC 


1788 


3645 


GGUCAAAG CUGAUGAG X CGAA AAAUUGAA 


544 


TTCAATTF C CITTGACC 


1789 


3648 


AUAGGUCA CUGAUGAG X CGAA AGGAAAUU 


545 


AATTTCCT T TGACCTAT 


1790 


3649 


UAUAGGUC CUGAUGAG X CGAA AAGGAAAU 


546 


ATTTCCTT T GACCTATA 


1791 


3655 


UUAGCCUA CUGAUGAG X CGAA AGGUCAAA 


547 


TTTGACCT A TAGGCTAA 


1792 


3657 


UUUUAGCC CUGAUGAG X CGAA AUAGGUCA 


548 


TGACCTAT A GGCTAAAA 


1793 


3662 


UUCUUUUU CUGAUGAG X CGAA AGCCUAUA 


549 


TATAGGL1 AAAAAAOAA 


i /y4 


3676 


GCUGGAAU CUGAUGAG X CGAA AGCCUUUC 


550 


GAAAGGCT C ATTCCAGC 


1795 


3679 


GUGGCUGG CUGAUGAG X CGAA AUGAGCCU 


551 


AGGCTCAT T CCAGCCAC 


1796 


3680 


UGUGGCUG CUGAUGAG X CGAA AAUGAGCC 


552 


GGCTCAIT C CAGCCACA 


1797 


3698 


GCCCAGGG CUGAUGAG X CGAA AGGCUGCC 


553 


GGCAGCCT T CCCTGGGC 


1798 


|3699 


GGCCCAGG CUGAUGAG X CGAA AAGGCUGC 


554 


GCAGCCTT C CCTGGGCC 


1799 
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3709 


GAGAAGCA CUGAUGAG X CGAA AGGCCCAG 


555 


CTGGGCCT T TGCTTCTC 


1800 


3710 


" AGAGAAGC CUGAUGAG X CGAA AAGGCCCA 


556 


TGGGCCTT T GCTTCTCT 


1801 


3714 


UGCUAGAG CUGAUGAG X CGAA AGCAAAGG 


557 


CCTTTGCT T CTCTAGCA 


1802 


3715 


GUGCUAGA CUGAUGAG X CGAA AAGCAAAG 


558 


CT1TGCTT C TCTAGCAC 


1803 


3717 


"UUGUGCUA CUGAUGAG X CGAA AGAAGCAA 


559 


TTGCTTCT C TAGCACAA 


1804 


3719 


AAUUGUGC CUGAUGAG X CGAA AGAGAAGC 


560 


GCTTCTCT A GCACAATT 


1805 


3727 


UAACCCAU CUGAUGAG X CGAA AUUGUGCU 


561 


AGCACAAT T ATGGGTTA 


1806 


3728 


GUAACCCA CUGAUGAG X CGAA AAUUGUGC 


562 


GCACAATT A TGGGTTAC 


1807 


3734 


AAGGAAGU CUGAUGAG X CGAA ACCCAUAA 


563 


TTATGGGT T ACTTCCTT 


1808 


3735 


AAAGGAAG CUGAUGAG X CGAA AACCCAUA 


564 


TATGGGTT A CTTCCTTT 


1809 


3738 


GAAAAAGG CUGAUGAG X CGAA AGUAACCC 


565 


GGGTTACT T CC1T1T 1C 


1810 


3739 


AGAAAAAG CUGAUGAG X CGAA AAGUAACC 


566 


GGTTACTT C CTTTTTCT 


1811 


3742 


UUAAGAAA CUGAUGAG X CGAA AGGAAGUA 


567 


TACTTCCT T TTTCTTAA 


1812 


3743 


GUUAAGAA CUGAUGAG X CGAA AAGGAAGU 


568 


ACTTCCTT T TTCTTAAC 


1813 


3744 


UGUUAAGA CUGAUGAG X CGAA AAAGGAAG 


569 


CTTCcrrr t tcttaaca 


1814 


3745 


UUGUUAAG CUGAUGAG X CGAA AAAAGGAA 


570 


TTCCTTTT T CTTAACAA 


1815 


3746 


UUUGUUAA CUGAUGAG X CGAA AAAAAGGA 


571 


TCCTTTTT C TTAACAAA 


1816 


3748 


UUUUUGUU CUGAUGAG X CGAA AGAAAAAG 


572 


CTTTTTCT T AACAAAAA 


1817 


3749 


UUUUUUGU CUGAUGAG X CGAA AAGAAAAA 


573 


TTTTTCTT A AC AAAAAA 


1818 


3764 


GGAAAUCA CUGAUGAG X CGAA ACAUUCUU 


574 


AAGAATGT T TGAT1TCC 


1819 


3765 


AGGAAAUC CUGAUGAG X CGAA AACAUUCU 


575 


AGAATGTT T GATTTCCT 


1820 


3769 


CCAGAGGA CUGAUGAG X CGAA AUCAAACA 


576 


1 G1T1 GAT T TCCTCTGG 


1821 


3770 


CCCAGAGG CUGAUGAG X CGAA AAUCAAAC 


577 


G'lTTGATT T CCTCTGGG 


1822 


3771 


ACCCAGAG CUGAUGAG X CGAA AAAUCAAA 


578 


TTTGATTT C CTCTGGGT 


1823 


3774 


GUCACCCA CUGAUGAG X CGAA AGGAAAUC 


579 


GATTTCCT C TGGGTGAC 


1824 


3785 


CAGACAAU CUGAUGAG X CGAA AGGUCACC 


580 


GGTGACCT T ATTGTCTG 


1825 


3786 


ACAGACAA CUGAUGAG X CGAA AAGGUCAC 


581 


GTGACCTT A TTGTCTGT 


1826 


3788 


UUACAGAC CUGAUGAG X CGAA AUAAGGUC 


582 


GACCTTAT T GTCTGTAA 


1827 


3791 


CAAUUACA CUGAUGAG X CGAA ACAAUAAG 


583 


CTTATTGT C TGTAATTG 


1828 


3795 


GUUUCAAU CUGAUGAG X CGAA ACAGACAA 


584 


TTGTCTGT A ATTGAAAC 


1829 


3798 


AGGGUUUC CUGAUGAG X CGAA AUUACAGA 


585 


TCTGTAAT T G AAACCCT 


1830 
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JOVf 


ppttpttpaa P11GAT1GAG Y PGAA AGGGUUUC 


586 


GAAACCCT A TTGAGAGG 


1831 


JoUV 


pappiipttP PTIGATTGAG X PGAA AIJAGGGUU 


587 


AACCCTAT T GAGAGGTG 


1832 


3822 


pita APAPA PTTP.AITP.Afl Y Pf5A A APA1 IPAPP 
L-UAALACA LUuAUUAU A v^VJ/u\ ntAUtft^i- 


588 


GGTGATGT C TGTGTTAG 


1833 


3828 


" p a i Ti'rriPPTT PTTP.ATTP.AP. Y PflA A APAPAGAP 


589 


GTCTGTGT T AGCCAATG 


1834 


3829 


TiPAiTiinrtr pnp.AnfiAfi y PfiAA AAPAPAGA 


590 


TCTGTGTT A GCCAATGA 


1835 


3845 


prAnpA^r pi ip,ai iP.Afi y ppa a appi ififiGU 


591 


ACCCAGGT A GCTGCTCG 


1836 




ap.aap.ppp PitfiAiiGAG Y PGAA AGCAGCUA 


592 


TAGCTGCT C GGGCTTCT 


1837 


3858 


appa a'p'ap PTTPAI1P.AP. Y PfiAA AHPPPGAG 
AL-L-AAvjAO LUUAUuAU A LAj/\/\ /\\JV-V-V^\JriVJ 


593 


CTCGGGCT T CTCTTGGT 


1838 


3859 


tiArrA a p a PltPATTfiAf! Y PfiAA AAGPPPGA 


594 


TCGGGCTT C TCTTGGTA 


1839 


3861 


">»a i t a pp a A pt in a i m a p. v rr.A A Af?A APrPPP 
CAUACCAA tUuAUuAU A LUAA AUAAuV/LL 


j/j 


GGGCTTCT C TTGGTATG 


1840 


3863 


papatiapp piifiAiifiAG y pgaa AGAGAAGC 

OAv^AUAv^C LUUAUvJAu a vAJ/vrt /^xj/wj/vrvvi^- 


596 


GCTTCTCT T GGTATGTC 


1841 


3867 


apa apapa PTTPATlfiAfi Y PGAA APPAAGAG 


597 


CTCTTGGT A TGTCTTGT 


1842 


3871 


"'r^r* a a a P a a pt 1PAI IPAfi Y PfiAA APAI f APPA 
LLAAALAA U \J/\ VJ VJ/WJ A ^wrvrv nvnun^^n 


598 


TGGTATGT C TTGTTTGG 


1843 




I u tppa A AP PI IfiAl IGAG Y PGAA AGACAUAC 


599 


GTATGTCT T GTTTGGAA 


1844 


3876 


"7"n ti n it ipp A PTTPAIIflAfi Y PGAA APAAGAPA 


600 


TGTCTTGT T TGGAAAAG 


1845 


3877 


~ a pt ii u it tpp pi IP. A I TP. A fi Y PG AAA AP A A GAP 


601 


GTCTTGTT T GGAAAAGT 


1846 


3890 


A TIP A A Tin A PI TP. A IIP. A fi Y PfiAA ATIPPAPUIJ 
AUvjAAUUA HJuAUunU A V_-vj/vr\ au^^av^uu 


602 


AAGTGGAT T TCATTCAT 


1847 


3891 


A A TTP A AI TP PUP. AllfiAfl Y PfiAA A AT JPPAPU 


603 


AGTGGATT T CATTCATT 


1848 


3 ay 2 


a a At in a ai l PlTfiAl IGAG Y PGAA AAAUPCAC 
AAAUuAAU L^UUrVU vJrVvJ A vyW/w aaauv^av 


604 


GTGGATTT C ATTCATTT 


1849 


3895 


a p a a ai ir PT TP * I IP A P. Y Pr.A A AI tflA A At IP 

CAGAAAUCj CUOAUvjAO a LUAA AuuAAAUL 


fifl5 


GATTTCAT T CATTTCTG 


1850 


3896 


" tto a a a ait pt IP a I til A PJ V Pfl A AAA TIP. A A AT T 

UCAGAAAU CUGAUOAO a LUAA aauuaaau 


\j\J\J 


ATTTCATT C ATTTCTGA 

r\. ill 1 J V-* J* AAA W * V-J I V 


1851 


3899 


' P A A T TP A P A PT IP Al IflAfi Y Pfl A A AI Ifi A AI IGA 

L. AA U LAuA L-UvjAUOAvj A v*vj/\/\ AUVJAAuurt 


607 


TCATTCAT T TCTGATTG 


1852 


3900 


apa aiipap pt IP, A I IP. A fi Y PfiAA AAtlGAAIIfr 


608 


CATTCATT T CTGATTGT 


1853 


3901 


/-i a f-\ a 'a i iri A pt TP A I TP AP Y PP A A A A A 1 IP. A AI I 

GACAAUCA CUOAUuAO A ^UAA AAAUuAAU 


DU7 


ATTPATTT C TGATTGTC 


1854 


3906 


A apt ipp ap PI TP A TIP A P Y PP. A A AI IPAflA A A 
AACUCjCjAC LUCjAUvjAU A tuAA AUtAuAAA 


610 


TTTCTGAT T GTCCAGTT 


1855 


3909 


CUUAACUG CUGAUGAG X CGAA ACAAUCAG 


611 


CTGATTGT C CAGTTAAG 


1856 


3914 


GAUCACUU CUGAUGAG X CGAA ACUGGACA 


612 


TGTCCAGT T AAGTGATC 


1857 


3915 


UGAUCACU CUGAUGAG X CGAA AACUGGAC 


613 


GTCCAGTT A AGTGATCA 


1858 


3922 


CCUUUGGU CUGAUGAG X CGAA AUCACUUA 


614 


TAAGTGAT C ACCAAAGG 


1859 


3940 


CCCUCCCA CUGAUGAG X CGAA AUUCUCAG 


615 


CTGAGAAT C TGGGAGGG 


1860 


3968 


CACAUAAA CUGAUGAG X CGAA ACUUUUUU 


616 


AAAAAAGT T TTTATGTG 


1861 
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3969 


GCACAUAA CUGAUGAG X CGAA AACUUUUU 


617 


AAAAAGTT T TTATGTGC 


1862 


3970 


UGCACAUA CUGAUGAG X CGAA AAACUUUU 


618 


AAAAGTTT T TATGTGCA 


1863 


3971 


GUGCACAU CUGAUGAG X CGAA AAAACUUU 


619 


AAAGTTTT T ATGTGCAC 


1864 


3972 


AGUGCACA CUGAUGAG X CGAA AAAAACUU 


620 


AAGTTTTT A TGTGCACT 


1865 


3981 


CCAAAUUU CUGAUGAG X CGAA AGUGCACA 


621 


TGTGCACT T AAATTTGG 


1866 


3982 


CCCAAAUU CUGAUGAG X CGAA AAGUGCAC 


622 


GTGCACTT A AATTTGGG 


1867 


3986 


UGUCCCCA CUGAUGAG X CGAA AUUUAAGU 


623 


ACTTAAAT T TGGGGACA 


1868 


3987 


UUGUCCCC CUGAUGAG X CGAA AAUUUAAG 


624 


CTTAAATT T GGGGACAA 


1869 


3997 


AUACAUAA CUGAUGAG X CGAA AUUGUCCC 


625 


GGGACAAT T TTATGTAT 


1870 


3998 


GAUACAUA CUGAUGAG X CGAA AAUUGUCC 


626 


GGACAATT T TATGTATC 


1871 


3999 


AGAUACAU CUGAUGAG X CGAA AAAUUGUC 


627 


GACAATTT T ATGTATCT 


1872 


4000 


CAGAUACA CUGAUGAG X CGAA AAAAUUGU 


628 


ACAATTTT A TGTATCTG 


1873 


4004 


AACACAGA CUGAUGAG X CGAA ACAUAAAA 


629 


TriTATGT A TCTGTGTT 


1874 


4006 


UUAACACA CUGAUGAG X CGAA AUACAUAA 


630 


TTATGTAT C TGTGTTAA 


1875 


4012 


AUAUCCUU CUGAUGAG X CGAA ACACAGAU 


631 


ATCTGTGT T AAGGATAT 


1876 


4013 


CAUAUCCU CUGAUGAG X CGAA AACACAGA 


632 


TCTGTGTT A AGGATATG 


1877 


4019 


CUUAAGCA CUGAUGAG X CGAA AUCCUUAA 


633 


TTAAGGAT A TGCTTAAG 


1878 


4024 


AUGUUCUU CUGAUGAG X CGAA AGCAUAUC 


634 


GATATGCT T AAGAACAT 


1879 


4025 


UAUGUUCU CUGAUGAG X CGAA AAGCAUAU 


635 


ATATGCTT A AGAACATA 


1880 


4033 


AAAAGAAU CUGAUGAG X CGAA AUGUUCUU 


636 


AAGAACAT A A'lTC 1T1T 


1881 


4036 


AACAAAAG CUGAUGAG X CGAA AUUAUGUU 


637 


AACATAAT T CTTTTGTT 


1882 


4037 


CAACAAAA CUGAUGAG X CGAA AAUUAUGU 


638 


ACATAATT C TTTTGTTG 


1883 


4039 


AGCAACAA CUGAUGAG X CGAA AGAAUUAU 


639 


ATAATTCT T TTGTTGCT 


1884 


4040 


CAGCAACA CUGAUGAG X CGAA AAGAAUUA 


640 


TAATTCTT T TGTTGCTG 


1885 


4041 


ACAGCAAC CUGAUGAG X CGAA AAAGAAUU 


641 


AATTCTTT T GTTGCTGT 


1886 


4044 


CAAACAGC CUGAUGAG X CGAA ACAAAAGA 


642 


TCX1 1 1 GT T ULTlCrl 1 1 U 


1887 


4050 


CUUAAACA CUGAUGAG X CGAA ACAGCAAC 


643 


GTTGCTGT T TGTTTAAG 


1888 


4051 


UCUUAAAC CUGAUGAG X CGAA AACAGCAA 


644 


TTGCTGTT T GTTTAAGA 


1889 


4054 


GCUUCUUA CUGAUGAG X CGAA ACAAACAG 


645 


CTGTTTGT T TAAGAAGC 


1890 


4055 


UGCUUCUU CUGAUGAG X CGAA AACAAACA 


646 


TGTTTGTT T AAGAAGCA 


1891 


4056 


GUGCUUCU CUGAUGAG X CGAA AAACAAAC 


647 


GTTTGTTT A AG AAGCAC 


,»» 
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[4067 


AACAAACU CUGAUGAG X CGAA AGGUGCUU 


648 


AAGCACCT T AGTTTGTT 


1893 


4068 


AAACAAAC CUGAUGAG X CGAA AAGGUGCU 


649 


AGCACCI 1 A Ul 1 HJl I I 


i on a 
18y4 


4071 


CUUAAACA CUGAUGAG X CGAA ACUAAGGU 


650 


ACC 1 1 AG 1 1 1 U I 1 1 AAU 


1895 


4072 


UCUUAAAC CUGAUGAG X CGAA AACUAAGG 


651 


CCfTAU 11 1 (J 1 I J AAti A 




4075 


GCUUCUUA CUGAUGAG X CGAA ACAAACUA 


652 


TAGTTTGT T TAAGAAGC 




4076 


UGCUUCUU CUGAUGAG X CGAA AACAAACU 


653 


AGTTTG J I T AAGAAGCA 


1898 


4077 


GUGCUUCU CUGAUGAG X CGAA AAACAAAC 


654 


GTTTGTTT A AGAAGCAC 


1 OCMa 

lo?V 


4088 


UACUAUAU CUGAUGAG X CGAA AGGUGCUU 


655 


AAGCACCT T ATATAGTA 


i c\nn 

iyuu 


4089 


AUACUAUA CUGAUGAG X CGAA AAGGUGCU 


656 


AGCACUn A 1A1AU1A1 


iyui 


4091 


UUAUACUA CUGAUGAG X CGAA AUAAGGUG 


657 


C ACCl I A 1 A I AG 1 A 1 AA 


iyuz 


4093 


UAUUAUAC CUGAUGAG X CGAA AUAUAAGG 


658 


CCTTATAT A GTA TAATA 


1 OM 


4096 


AUAUAUUA CUGAUGAG X CGAA ACUAUAUA 


659 


TATATAGT A TAATA1 A I 


1 Qf\A 


4098 


AUAUAUAU CUGAUGAG X CGAA AUACUAUA 


660 


TATAGTAT A ATATATA1 


lytij 


4101 


AAAAUAUA CUGAUGAG X CGAA AUUAUACU 


661 


AGTATAAT A TATAJTI I 


1 on/; 


4103 


AAAAAAUA CUGAUGAG X CGAA AUAUUAUA 


662 


TATAATAT A TA'l 11 1 i 1 


i on*7 
iyu/ 


4105 


"CAAAAAAA CUGAUGAG X CGAA AUAUAUUA 


663 


TAATATA 1 A 11111 1 1 U 


tone 


4107 


UUCAAAAA CUGAUGAG X CGAA AUAUAUAU 


664 


ATATATA1 1 ri 1 1 1 UAA 




4108 


UUUCAAAA CUGAUGAG X CGAA AAUAUAUA 


665 


TATATATf T TI TfUAAA 


1910 


4109 


AUUUCAAA CUGAUGAG X CGAA AAAUAUAU 


666 


ATATAaTI" J 11 1 CiAAAT 


191 1 


4110 


AAUUUCAA CUGAUGAG X CGAA AAAAUAUA 


667 


TATA i n f T l l GAAAl J 


1912 


4111 


UAAUUUCA CUGAUGAG X CGAA AAAAAUAU 


668 


ATA inn 1 iGAAAha 


1913 


4112 


GUAAUUUC CUGAUGAG X CGAA AAAAAAUA 


669 


TAl l'1 1 1 1 T GAAATTAC 


iyi4 


4118 


AGCAAUGU CUGAUGAG X CGAA AUUUCAAA 


670 


] lTGAAAl 1 ACA 1 1 UL 1 


i y I j 


4119 


AAGCAAUG CUGAUGAG X CGAA AAUUUCAA 


671 


TTGAAATT A CATTGCTT 


1916 


4123 


AAACAAGC CUGAUGAG X CGAA AUGUAAUU 


672 


AATTACAT T GC1 1 Gl I T 


inn 


4127 


UGAUAAAC CUUAUOALi A LuAA AutAAUuu 


a i J 


APATTGCT T GTTTATCA 


1918 


4130 


GUCUGAUA CUGAUGAG X CGAA ACAAGCAA 


674 


TTGCTTGT T TATCAGAC 


1919 


4131 


UGUCUGAU CUGAUGAG X CGAA AACAAGCA 


675 


TGCTTGTT T ATCAGACA 


1920 


4132 


UUGUCUGA CUGAUGAG X CGAA AAACAAGC 


676 


GCTTGTTT A TCAGACAA 


1921 


4134 


AAUUGUCU CUGAUGAG X CGAA AUAAACAA 


677 


TTGTTTAT C AG ACAATT 


1922 


4142 


CUACAUUC CUGAUGAG X CGAA AUUGUCUG 


678 


CAGACAAT T GAATGTAG 


1923 
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4f49T 


"aGAAUUAC CUGAUGAG X CGAA ACAUUCAA 


679 


TTGAATGT A GTAATTCT 


1924 


4152 


AACAGAAU CUGAUGAG X CGAA ACUACAUU 


680 


AATGTAGT A A I TCI (i 1 1 




4155 


CAGAACA<j CUGAUGAG X CGAA AUUACUAC 


681 


GTAGTAAT T CTGTTCTG 


1926 


4156 


" CCAGAACA CUGAUGAG X CGAA AAUU ACUA 


682 


TAG 1 AA 1 1 C 1 GTTCTGG 




4160 


AAAUCCAG CUGAUGAG X CGAA ACAGAAUU 


683 


AAlTCTGl T CTUUA1 1 1 




4)6) 


U AAAUCCA CUGAUGAG X CGAA AACAGAAU 


684 


ATTCTGTT C TGGAlTTA 


1929 


4167 


UCAAAUUA CUGAUGAG X CGAA AUCCAGAA 


685 


TTCTGGAT T TAA'IT 1 UA 


1930 


4168 


GUCAAAUU CUGAUGAG X CGAA AAUCCAGA 


686 


TCTGGATT T AATTTGAC 


1931 


4169 


AGUCAAAU CUGAUGAG X CGAA AAAUCCAG 


687 


CTGGATTi A AlTTGACT 


1932 


4172 


CCCAGUCA CUGAUGAG X CGAA AUUAAAUC 


688 


GA1TTAAT T TGACTGGG 


1933 


4173 


ACCCAGUC CUGAUGAG X CGAA AAUUAAAU 


689 


AT1TAATI TGACTGGGT 




4182 


UGCAUGUU CUGAUGAG X CGAA ACCCAGUC 


690 


GACTGGGT T AACATGCA 




4183 


UUGCAUGU CUGAUGAG X CGAA AACCCAGU 


691 


ACTGGGTf A ACATGCAA 


1936 


4207 


AAACUAAA CUGAUGAG X CGAA AUUUUUCC 


692 


GGAAAAAT A TTTAGl 1 1 


1937 


4209 


AAAAACUA CUGAUGAG X CGAA AUAUUUUU 


693 


AAAAATAT T TAG'ITTTT 


1938 


4210 


AAAAAACU CUGAUGAG X CGAA AAUAUUUU 


694 


AAAATATT T AGT1TT 1 1 


1939 


4211 


AAAAAAAC CUGAUGAG X CGAA AAAUAUUU 


695 


AAATAT1T A (i l l T IT 1 1 


1940 


4214 


AAAAAAAA CUGAUGAG X CGAA ACUAAAUA 


696 


TATTTAUT T 111T1 111 


1941 


4215 


AAAAAAAA CUGAUGAG X CGAA AACUAAAU 


697 


ATTTAGTT T TlTHl'li 


1942 


4216 


AAAAAAAA CUGAUGAG X CGAA AAACUAAA 


698 


TTTAGTlT T 1 1 1 T U T l 


1943 


4217 


AAAAAAAA CUGAUGAG X CGAA AAAACUAA 


699 


TTAGTTTT T 'ITlTi'lTT 


1944 


4218 


AAAAAAAA CUGAUGAG X CGAA AAAAACUA 


700 


TAGTITIT 11 nil Hi 


1945 


4219 


AAAAAAAA CUGAUGAG X CGAA AAAAAACU 


701 


AGlTTilT 1 1 nil 11 1 


1946 


4220 


AAAAAAAA CUGAUGAG X CGAA AAAAAAAC 


702 


GrnTTiT i i j ii h it 


1947 


4221 


AAAAAAAA CUGAUGAG X CGAA AAAAAAAA 


703 


rrriTTTT i i n i n n 


1948 


4222 


CAAAAAAA CUGAUGAG X CGAA AAAAAAAA 




liiiiiii i n i i i i iu 


1949 


4223 


ACAAAAAA CUGAUGAG X CGAA AAAAAAAA 


705 


T1TTTTTT T 'IITI'ITGT 


1950 


4224 


UACAAAAA CUGAUGAG X CGAA AAAAAAAA 


706 


IT'riTTTTTTTTTTGTA 


1951 


4225 


AUACAAAA CUGAUGAG X CGAA AAAAAAAA 


707 


•rrrriTTT t ttttgtat 


1952 


4226 


UAUACAAA CUGAUGAG X CGAA AAAAAAAA 


708 


ITTTTTTT T TITGTATA 


1953 


4227 


GUAUACAA CUGAUGAG X CGAA AAAAAAAA 


709 


rrrriTTT i n gtatac 


1954 
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4228 


apjiai I AP A PTIGAT1GAG X PGAA AAAAAAAA 


710 


•rrrrrriT T T n/r A TACT 


1955 




a Ami All AP PIIGAUGAG X CGAA AAAAAAAA 


711 


UTITUT T GTATACTT 


1956 


4232 


pa AiAr.MA PI in AT in An Y PGAA AP AAA AAA 


712 


TTTTTTGT A TACTTTTC 


1957 


42 j 4 


t u in a A A Afi PI in AT IGAG X CGAA AUACAAAA 


713 


TTTTGTAT A CTTTTCAA 


1958 


42 J / 


AP.PUUnAA PIIGAUGAG X CGAA AGUAUACA 


714 


TGTATACT T TTCAAGCT 


1959 


42jo 


1 1 Ann TT TG A PI JGAI IG AG X CGAA AAGUAUAC 


715 


GTATACTT T TCAAGCTA 


1960 


4239 


pit Ann Tim PI IG A TIG AG X PGA A AAAGUAUA 


716 


TATACTTT T CAAGCTAC 


1961 


4240 


"ppttapptiI] PIIGAUGAG X PGA A AAAAGUAU 


717 


ATACTTTT C AAGCTACC 


1962 


424o 


i ifiApA AGG PIIGAIJGAG X CGAA AGCUUGAA 


718 


TTCAAGCT A CCTTGTCA 


1963 


/OCA 

423U 


i iapattp.ap PI TG AUG AG X CGAA AGGUAGCU 


719 


AGCTACCT T GTCATGTA 


1964 


4ZDJ 


niTAiiAPATT PIIGAIJGAG X CGAA ACAAGGUA 


720 


TACCTTGT C ATGTATAC 


1965 


423 o 


i lrjAPTIGIIA PI JG AUG AG X CGAA ACAUGACA 


721 


TGTCATGT A TACAGTCA 


1966 


42oU 


a a t in a run pi igaugag x pgaa AUACAUGA 


722 


TCATGTAT A CAGTCATT 


1967 


4265 


r«PAi!A a ati pnnAnnAn y pgaa apttguaua 


723 


TATACAGT C ATTTATGC 


1968 


4268 


iiAr-PPATTA PlinATinAG X PGAA AUGACUGU 


724 


ACAGTCAT T TATGCCTA 


1969 


4269 


i ii TAnnpAT 1 PI in AUG AG X PGAA AAUGACUG 


725 


CAGTCATT T ATGCCTAA 


1970 


42 /U 


i mi lAnpTpA PUfiAUGAG X PGAA AAAUGACU 


726 


AOTCATn A TGCCTAAA 


1971 


42 /O 


ppAnnPl ll I PT THAI IGAG X PGAA AGGCAUAA 


727 


TTATGCCT A AAGCCTGG 


1972 


42©y 


A A AimA AIT PUGAUGAG X PGAA AUCACCAG 


728 


CTGGTGAT T ATTCATTT 


1973 


4zyU 


1 1 a a AllfJA A PT TG AT TG AG X PGAA AAUCACCA 


729 


TGGTGATT A TTCATTTA 


1974 


42 y2 


T it it I A A AT in n in AT IGAG X PGAA AUAAUCAC 


730 


GTGATTAT T CATTTAAA 


1975 


AIOI 

42Vj 


a in tit A A ATT PI in AUG AG X CGAA AAUAALJCA 


731 


TG ATT ATT C ATTTAAAT 


1976 


42^0 


t ii ip a tit it i a pnnAiinAG x pgaa augaauaa 


732 


TTATTCAT T TAAATGAA 


1977 


42?/ 


pin ip a i tttt i pnnAiinAG x pgaa aaiigaaua 


733 


TATTCATT T AAATGAAG 


1978 


4Z7o 


T IP! IIIPAITI! PI TG A TIG AG X PGAA AAAUGAAU 


734 


ATTCATTT A AATGAAGA 


1979 I 


4308 


UGAAAUGU CUGAUGAG X CGAA AUCUUCAU 


735 


ATGAAGAT C ACATTTCA 


1980 


4313 


UGAUAUGA CUGAUGAG X CGAA AUGUGAUC 


736 


GATCACAT T TCATATCA 


1981 


4314 


UUGAUAUG CUGAUGAG X CGAA AAUGUGAU 


737 


ATCACATT T CATATCAA 


1982 


4315 


GUUGAUAU CUGAUGAG X CGAA AAAUGUGA 


738 


TCACATTT C ATATCAAC 


1983 


4318 


AAAGUUGA CUGAUGAG X CGAA AUGAAAUG 


739 


CATTTCAT A TCAACTTT 


1984 


4320 


CAAAAGUU CUGAUGAG X CGAA AUAUGAAA 


740 


iri CAT AT C AACTTTTG 


1985 
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4325 


~— . wVjT *Va a P¥ TP A T I/*" 1 V OP AAA m if ir"! A T 1 A 

GGAUACAA CUGAUGAG X COAA AuUUUAUA 


7A 1 


TA TP A APT T TTfiTATPP 


1986 


4326 


"TVor> iti 1 rti /->t i^t A t Tp a P V /""i"! A A A A /'"IT 11 T/"1AT 1 

UGGAUACA CUGAUOAO A COAA MUUUuAU 


747 


ATPAAPTT T TOTATCCA 


1987 


4327 


GUGGAU AC CUGAUGAG A CGAA AAAO U UOA 


741 


TPA APTTT T fiTATCCAC 


1988 


4330 


- . n T tot t f\ 1. t/-> * y t/~\ a p v PP AA ATA AAA CW 1 

ACUGUGGA CUGAUOAO A COAA ACAAAAuu 


744 


ArTTTTrrT A TCCACAGT 


1989 


4332 


CUACUOUO tUuAUOAU A L.vj/Y/\ t\\Jt\S*t\s\i\*\ 


745 


TTTTGTAT C CACAGTAG 


1990 


4339 


a i tt Ti ti tpt ip pt tp a i in a n y rvi a a a lf»T Tfifi A 
AUUUUOUO CUUAUO/Vvj A LOM /YvvUvjuvjvjrt 


746 


TCCACAGT A GACAAAAT 


1991 


4348 


AUUAGUGC CUOAUOALr A UvjAA AUUUUuUL 


747 


GACAAAAT A GCACTAAT 


1992 


4354 


' a » t/^t t/~> /-^ aii pi t/" 1 a I fP A P Y Pf! AAA /^T IflfT 1 AT I 

AUCUGGAU CUGAUOAO A COAA AOUuLUAU 


Id R 


ATAflPAPT A ATPPAGAT 


1993 


4357 


GGCAUCUG CUGAUOAO A OOAA AUUAUUUt 


740 


P»P APT A AT P CAGATGCC 


1994 


4367 


' ■ TrtV-» '* * d~i A A /"IT T/~» A I TP A P V PP AAA P.PP A ¥ IOI 1 

UCCAACAA CUGAUGAG X CGAA AOOCAUOU 


7sn 




1995 


4369 


UAUCCAAC CUGAUGAG A OOAA AUAOOOAU 


7S 1 


ATfiPPTAT T GTTfiGATA 


1996 


4372 


CAAUAUCC CUOAUOAO A tuAA ALAAUAUU 


/ J c 


PPTATTGT T GGATATTG 


1997 


4377 


UCAUUCAA CUGAUGAG X CGAA AUCCAACA 




i VJ 1 1 VJVJ/V 1 n 1 1 VJ/VTV 1 VJAV 


1998 


4379 


¥ t/-it 1/1 a 1 tt tp pi rr A! TP A /*! V /TI A A A 1 1 A 1 TPP A A 
UGUCAUUC CUOAUOAO A OOAA AUAULLAA 


7Sd 


TTPiflATAT T GAATGACA 


1999 


4394 


CUACAUAA CUGAUGAG X CGAA AUUOUOUO 


7SS 


PA PAP A AT P TTATGTAG 

V^/VVJrWy/VrV J V^ 1 1 / v 1 VJ 1 P^vj 


2000 


4396 


UGCUACAU CUGAUGAG X CGAA AOAUUOUO 


7SA 


fJAPAATPT T ATGTAGCA 


2001 


4397 


UUGCUACA CUGAUGAG X COAA AAUAUUUU 


7V7 


APAATPTT A TGTAGCAA 


2002 


4401 


■ 1 <ni it ti ipp r>i 10 ii IP a P V P/"l A A APAT fA A /"» A 

AUCUUUGC CUGAUOAO A COAA ALAUAAUA 


7SR 
/Jo 


TPTTATfiT A GCAAAGAT 


2003 


|4410 


. . — V . — An pt ip a ■ IP A P "V PP. A A AT If**! TT TT ini" 1 

UCAGGCAU CUGAUOAO A COAA auluuuol 


7 SO 


frPAAAGAT T ATGCCTGA 


2004 


4411 


UUCAGGCA CUGAUGAG X CGAA AAUCUUUO 


7An 


PA A AH ATT A TfiPPTfiAA 


2005 


4429 


v-n-ir-ii i/i a att r<i TP a T TP a P V PP A A A T TI TT II Tf > /"'1 1 

CCCUGAAU CUGAUOAO A COAA AUUUUOOU 


7£1 
/Dl 


AfifiA A A AT T ATTCAGGG 


2006 


4430 


GCCCUGAA CUGAUGAG X COAA AAUUUUCC 


7A7 


\JKJ/\f\f\/\ 1 J /A 1 1 V^/A.VJ VJVJ Vv 


2007 


4432 


i-ir t /-> /— ^1 i/"* a 1 IP A P V PP A A A T 7 A A I TT IT TI r 

CUGCCCUG CUGAUGAO A COAA AUAAUUUU 


7£1 


A AAATTAT T PAGGGPAG 

f\J\f\J\ l l r\ 1 1 V^/AVJ VJVJ v»»/VVJ 


2008 


4433 


>-i ^->t r/^n/'iOT T yii A ¥ IP A P V PP A A A A 1 T A ATTITTI 

GCUGCCCU CUGAUGAO A COAA AAUAAUUU 


7AA 


A A ATTATT P AnnfiPAfiP 

t\J\f\ 1 1 /\ 1 1 Var rtVJVlVJV*rtVIV/ 


2009 


4443 


' a r-* r~> a a a A T T /-»¥ TP A ¥ TP A P V PP AAA PPI TP.PPP 

AGCAAAAU CUGAUGAG X CGAA AOCUOCCC 


7£* 


r;r;npAnPT a atttthpt 

vjvjvjv->/\vjv^ i n ni I n vj v- 1 


2010 


4446 


AAAAGCAA CUGAUGAG X CGAA AUUAGCUG 


766 


CAGCTAAT T TTGCTTTT 


2011 


4447 


UAAAAGCA CUGAUGAG X CGAA AAUUAGCU 


767 


AGCTAATT T TGCTTTTA 


2012 


4448 


GUAAAAGC CUGAUGAG X CGAA AAAUUAGC 


768 


GCTAATTT T GCTTTTAC 


2013 


4452 


UUUGGUAA CUGAUGAG X CGAA AGCAAAAU 


769 


ATTTTGCT T TrACCAAA 


2014 


4453 


UUUUGGUA CUGAUGAG X CGAA AAGCAAAA 


770 


TTTTGCTT T TACCAAAA 


2015 


r 


AUUUUGGU CUGAUGAG X CGAA AAAGCAAA 


771 


riTGCTTT T ACCAAAAT 


2016 
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J4455 


UAUUUUGG CUGAUGAG X CGAA AAAAGCAA 


777 

772 


TTnnTTT A HO A A A ATA 


xui / 


4463 


ACUACUGA CUGAUGAG X CGAA AUUUUGOU 


ns 


AL/LAAAA 1 a 1 AVJ 1 rWJ I 


XV/ 1 o 


4465 


UUACUACU CUGAUGAG X CGAA AUAUUUUG 


774 


LAAAA 1 A 1 AO 1 AO I AA 


xv iy 


4469 


AAUAUUAC CUGAUGAG X CGAA ACUGAUAU 


"T"T< 

7 /5 


A I A I O AO I A VJ 1 AA 1 A 1 1 


2020 


4472 


AAAAAUAU CUGAUGAG X CGAA ACUACUOA 


77 A 

I to 


TT , Af5TAGT A ATATTTTT 


2021 


4475 


UCCAAAAA CUGAUGAG X CGAA AUUACUAC 


111 


O J AU I AA 1 A 1 J 1 1 1 uUA 


2022 


4477 


UGUCCAAA CUGAUGAG X CGAA AUAUUACU 


778 


ATTA ATATT TTT^r.APA 
AO 1 AA 1 A 1 1 ill OunLA 


XUXJ 


4478 


CUGUCCAA CUGAUGAG X CGAA AAUAUUAC 


779 


O I AA 1 A 1 1 1 11 UUACAU 


0f\7A 


4479 


ACUGUCCA CUGAUGAG X CGAA AAAUAUUA 


780 


T A ATA 'ITT T Tf\(~l AfA ClT 

1 AA 1 A I 1 I I 1 OO ALAO 1 




4480 


UACUGUCC CUGAUGAG X CGAA AAAAUAUU 


781 


A A T A TTTT TP f^f^ A /"" A fYV A 

AA I All 11 1 OOACAOIA 


7(\7C 
xUxO 


4488 


CCAUUAGC CUGAUGAG X CGAA ACUGUCCA 


782 


1 uUAtAU 1 A uL 1 AA 1 OO 


Xux / 


4492 


UGACCCAU CUGAUGAG X CUAA AUUUACUU 


7Q1 


UAU J AOO 1 A A 1 VJVJVJ 1 


2028 


4499 


AACCCACU CUGAUGAG X CGAA ACCCAUUA 


784 


I AA 1 UOO 1 V* AO 1 uuu 1 l 


707Q 

XUX7 


4507 


UUAAAAAG CUGAUGAG X CGAA ACCCACUG 


785 


OAO 1 UUU 1 1 LL 1 I 1 1 AA 


7n^n 

XU JU 


4508 


AUUAAAAA CUGAUGAG X CGAA AACCCACU 


786 


AG 1 GOG 11 C 11X11 AA 1 


XU-M 


4510 


ACAUUAAA CUGAUGAG X CGAA AGAACCCA 


7Q7 

787 


lOOOl 1C1 J IllAAlOi 


9frt7 
xvOx 


4511 


AACAUUAA CUGAUGAG X CGAA AAGAACCC 


788 


OGG'I I CI 1 1 J 1 AA 1 O 1 1 


xUJJ 


4512 


AAACAUUA CUGAUGAG X CGAA AAAGAACC 


789 


UUliCXII 1 lAAiOlll 




4513 


UAAACAUU CUGAUGAG X CGAA AAAAGAAC 


790 


Ul It'H l 1 1 AAlOl 1 1A 




4514 


AUAAACAU CUGAUGAG X CGAA AAAAAGAA 


791 


1 IC11 11 1 A Alul 1 1 Al 


7(V\A. 


4519 


UAAGUAUA CUGAUGAG X CGAA ACAUUAAA 


/VX 


111 AA 1 VI 1 1 1 A 1 nL 1 1 A 


7ft** 7 

XV J / 


4520 


CUAAGUAU CUGAUGAG X CGAA AACAUUAA 


793 


1 1 AA lul 1 J A 1 AC 1 1 AVJ 


7fHR 

XI/ JO 


4521 


UCUAAGUA CUGAUGAG X CGAA AAACAUUA 


794 


1 AA 1 O 1 1 1 A 1 AC 1 1 AO A 


xvi j y 


4523 


AAUCUAAG CUGAUGAG X CGAA AUAAACAU 


795 


A1G1 11A1 ALi 1 AO A 1 1 


7fiA(\ 


4526 


GAAAAUCU CUGAUGAG X CGAA AGUAUAAA 


796 


111A1AC1 lAOAIlllC 


Xu*f 1 


A^TJ 
**JX / 


Ad A A A A I If* r*l TO At FGAG X CGAA AAGUAUAA 


797 


TTATACTT A GATTTTCT 


2042 


4531 


U AAAAGAA CUGAUGAG X CGAA AUCUAAGU 


798 


AC1TAGAT T TTCTTTTA 


2043 


4532 


UUAAAAGA CUGAUGAG X CGAA AAUCUAAG 


799 


CTTAGATT T TCTTTTAA 


2044 


4533 


UUUAAAAG CUGAUGAG X CGAA AAAUCUAA 


800 


TTAGATTT T CTTTTAAA 


2045 


4534 


UUUUAAAA CUGAUGAG X CGAA AAAAUCUA 


801 


TAGATTTT C TTTTAAAA 


2046 


4536 


UUUUUUAA CUGAUGAG X CGAA AGAAAAUC 


802 


GArrn'cr r n aaaaaa 


2047 



WO 99/54459 



PCT/US99/08547 



83 



5 



10 



20 



25 



30 



I4537T 


UUUUUUUA CUGAUGAG X CGAA AAGAAAAU 


803 


ATI Tl CTT T TAAAAAAA 


2048 


4538 


AUUUUUUU CUGAUGAG X CGAA AAAGAAAA 


804 


TTTTCTTT T AAAAAAAT 


2049 


4539 


AAUUUUUU CUGAUGAG X CGAA AAAAGAAA 


805 


TTTCTTTT A AAAAAATT 


2050 


4547 


UUU AUUUU CUGAUGAG X CGAA AUUUUUUU 


806 


AAAAAAAT T AAAATAAA 


2051 


4548 


UUUUAUUU CUGAUGAG X CGAA AAUUUUUU 


807 


AAAAAATT A AAATAAAA 


2052 


4553 


UUUUGUUU CUGAUGAG X CGAA AUUUUAAU 


808 


ATTAAAAT A AAACAAAA 


2053 


4567 


GUCCUAGA CUGAUGAG X CGAA AUUUUUUU 


809 


AAAAAAAT T TCTAGGAC 


2054 


4568 


AGUCCUAG CUGAUGAG X CGAA AAUUUUUU 


810 


AAAAAATT T CTAGGACT 


2055 


4569 


UAGUCCUA CUGAUGAG X CGAA AAAUUUUU 


811 


AAAAATTT C TAGGACTA 


2056 


4571 


"UCUAGUCC CUGAUGAG X CGAA AGAAAUUU 


812 


AAAT1TCT A GGACTAGA 


2057 


4577 


ACAUCGUC CUGAUGAG X CGAA AGUCCUAG 


813 


CTAGGACT A G ACGATGT 


2058 


4586 


GCUGGUAU CUGAUGAG X CGAA ACAUCGUC 


814 


GACGATGT A ATACCAGC 


2059 


4589 


"UUAGCUGG CUGAUGAG X CGAA AUUACAUC 


815 


GATGTAAT A CCAGCTAA 


2060 


4596 


UUUGGCUU CUGAUGAG X CGAA AGCUGGUA 


816 


TACCAGCT A AAGCCAAA 


2061 


4609 


CACUGUAU CUGAUGAG X CGAA AUUGUUUU 


817 


CAAACAAT T ATACAGTG 


2062 


4610 


CCACUGUA CUGAUGAG X CGAA AAUUGUUU 


818 


AAACAATT A TACAGTGG 


2063 


4612 


UUCCACUG CUGAUGAG X CGAA AUAAUUGU 


819 


ACAATTAT A CAGTGGAA 


2064 


4624 


UAAUGUAA CUGAUGAG X CGAA ACCUUCCA 


820 


TGGAAGGT T TTACATTA 


2065 


4625 


AUAAUGUA CUGAUGAG X CGAA AACCUUCC 


821 


GGAAGGTT T TACATTAT 


2066 


4626 


AAUAAUGU CUGAUGAG X CGAA AAACCUUC 


822 


GAAGG TIT T ACATTATT 


2067 


4627 


GAAUAAUG CUGAUGAG X CGAA AAAACCUU 


823 


AAGGTTTT A CATTATTC 


2068 


14631 


GGAUGAAU CUGAUGAG X CGAA AUGUAAAA 


824 


TTTT ACAT T ATTCATCC 


2069 


14632 


UGGAUGAA CUGAUGAG X CGAA AAUGUAAA 


825 


TTTACATT A TTCATCCA 


2070 


14634 


AUUGGAUG CUGAUGAG X CGAA AUAAUGUA 


826 


TACATTAT T CATCCAAT 


2071 


4635 


CAUUGGAU CUGAUGAG X CGAA AAUAAUGU 


827 


ACATTATT C ATCCAATG 


2072 


4638 


ACACAUUG CUGAUGAG X CGAA AUGAAUAA 


828 


TlAl ICAi U UAAIUlOl 


ZU l J 


4647 


UGAAUAGA CUGAUGAG X CGAA ACACAUUG 


829 


CAATGTGT T TCTATTCA 


2074 


4648 


AUGAAUAG CUGAUGAG X CGAA AACACAUU 


830 


AATGTGTT T CTATTCAT 


2075 


4649 


CAUGAAUA CUGAUGAG X CGAA AAACACAU 


831 


ATGTGT1T C TATTCATG 


2076 


4651 


AACAUGAA CUGAUGAG X CGAA AGAAACAC 


832 


GTGTTTCT A TTCATGTT 


2077 


4653 


UUAACAUG CUGAUGAG X CGAA AU AGAAAC 


833 


GTTTCTAT T CATGTTAA 


2078 
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4654 


J i t t a a ait /^t A I 1f~l A f\ V P/lA A A A T 1 A C\ AAA 

CUUAACAU CUUAUUAU A tUAA aauauaaa 


O J*t 


TTTPTATT C ATGTTAAG 


2079 


4659 


AGUAUCUU CUClAUuAu A LUAA ALAUUAAU 


R1S 


ATTPATGT T AAGATACT 


2080 


4660 


UAGUAUCU CUuAUuAU A LUAA AALAl) unn 


OJU 


TTPATGTT A AGATACTA 


2081 


4665 


iTr'TrAPTUP pi t/^" A T in A CI Y CCl A A AI1PTIIIAAP 
UGUAGUAU CUUAUUAU A LuAA AUtUUAAt 


OJ / 


GTTAAGAT A CTACTACA 


2082 


4668 


AAAUuUAU LUuAUuAu a v^vj/Vrv auuau^uu 


838 


AAGATACT A CTACATTT 


2083 


4671 


UUCAAAUU UUuAUUAU A v-Vi/v/\ f\\J UrtuUAU 


839 


ATACTACT A CATTTGAA 


2084 


4675 


CCACUUCA CUUAUUAU A tUAA auvjuauua 


840 


TACTACAT T TGAAGTGG 


2085 


4676 


CCCACUUC CUUAUUAU A CUAA AAUuUAUU 




APTACATT T GAAGTGGG 


2086 


4695 


AAUCAUCU CUUAUUAU A CUAA AUuUUtut 




GAGAACAT C AGATGATT 


2087 


4703 


AACAUUUC CUUAUUAU A CUAA AUtAUtUU 


R41 


PAGATGAT T GAAATGTT 

V^/aVJ/» 1 VJ/V J 1 VJVTk/TJA A VJ A 1 


2088 


471 1 


CCUUUUCU CUUAUUAU A tuAA ALAUUU^rt 


844 


TGAAATGT T CGCCCAGG 


2089 


4712 


CCCUGGGC CUGAUUAU A CUAA AACAUUUC 


RA^ 


fiAAATfiTT P GCCCAGGG 


2090 


4723 


UUGCUGGA CUGAUUAU A CUAA ACCCCUUU 


OHO 


PPAfiGGGT P TPPAGCAA 

V^VrfAVVJ VJ VJVJ 1 V»f 1 VyV>/kVJ Wi AJ * 


2091 


4725 


AGUUGCUG CUGAUGAG X CUAA AUACCCCU 


RA7 


AftfrfiGTPT P PAGPAACT 


2092 


4734 


GAUUUCCA CUGAUGAG A CUAA AUUUUCUU 


RAR 
OHO 


PAfiPA APT T TGGAAATC 

V^rVvJv^/Vr\vv 111 VJ VJ rvrui a v* 


2093 


4735 


AGAUUUCC CUGAUUAU X CUAA AAUUUUCU 


R4Q 


AfiPAAPTT T GG AAATCI 

AVJ\/<Vau 11 ■ VIVirLTLTVl Vv * 


2094 


4742 


UACAAAGA CUUAUUAU X CUAA AUUUCCAA 


0 jU 


TTfifiAAAT P TCTTTGTA 

A 1 vJVJ^VaUa 1 A Vrf 1 1 A VJ A J 1 


2095 


4744 


AAUACAAA CUUAUUAU X CUAA AUAUUUUU 


0 J 1 


GGAAATPT P TTTGTATr 

VJ UiiikTl 1 V4> 1 w 111 VJ A / A A 1 


2096^ 


4746 


' "V a a a ¥ t a a r^i t/™ 1 a 1 i/"* a /"* V /"V A A AnAnATTTTll 

AAAAUACA CUGAUUAU X CUAA AUAUAUUU 


R^7 


A A ATPTPT T TGT ATTTT 

t\f\f \ 1^1 »_/ 111 VJ 1 f \ 1 1 A 1 


2097 


4747 


A A A A A T Y A /"» /~»T A f A V f^t^ A A A A A A T IT 1 

AAAAAUAC CUGAUUAU X CUAA AAUAUAUU 




A ATPTPTT T GTATTTTT 

f\J\ l v*> ivl l i VJ i i i i j i 


2098 


4750 


""a/^Vt a a a a a ntTP A T I/™* A n V AA APAAAfJAf"! 

AGUAAAAA CUUAUUAU A CUAA ACAAAuau 




PTPTTTGT A TTTTTACT 

V> 1 \rf All VJ 1 A A 1 A A #kV A 


2099 


4752 


CAAGUAAA CUUAUUAU A CUAA aua^aaao 


O J J 


CTTTGTAT T TTTACTTG 

V* Ail VJ A fA J * ■ A A ' *v A A VJ 


2100 


4753 


"VtjSI a a t a A T/^> A T T/"» A/I V f^n AA A AIIATAAA 

UCAAGUAA CUUAUUAU A CUAA AAUALAAA 


O JO 


TTTPiTATT T TTACTTGA 

ill VJ 1 XA 1 1 1 I 1 XaS_/ A 1 VJ/» 


2101 


4754 


UUCAAGUA CUGAUGAU A CUAA AAAUACAA 


OJ / 


J IvJlnl 1 l I 1 /\v^ i i vj/vr\ 


2102 


4755 


m r k t/i a i t t A I A V /"*/^ AA AAAA1TA A 

CUUCAAGU CUGAUGAU X CUAA AAAAUACA 


O-)0 


lulAl J l i i /\v» i i vj^vrvvj 


2103 


4756 


ACUUCAAG CUGAUGAG X CGAA AAAAAUAC 


859 


GTATTTTT A CTTGAAGT 


2104 


4759 


GGCACUUC CUGAUGAG X CGAA AGUAAAAA 


860 


Tirr 1 ACT T GAAGTGCC 


2105 


4771 


CUGUCCAU CUGAUGAG X CGAA AGUGGCAC 


861 


GTGCCACT A ATGGACAG 


2106 


4785 


CCAGAAAA CUGAUGAG X CGAA AUCUGCUG 


862 


CAGCAGAT A TTTTCTGG 


2107 


4787 


AGCCAGAA CUGAUGAG X CGAA AUAUCUGC 


863 


GCAGATAT T TTCTGGCT 


2108 


4788 


CAGCCAGA CUGAUGAG X CGAA AAUAUCUG 


864 


CAGATATT T TCTGGCTG 


2109 
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4789 


UCAGCCAG CUGAUGAG X CGAA AAAUAUCU 


865 


AGATATTT T CTGGCTGA 


2110 1 


4790 


AUCAGCCA CUGAUGAG X CGAA AAAAUAUC 


866 


GATATTTT C TGGCTGAT 


2111 1 


4801 


CCAAUACC CUGAUGAG X CGAA ACAUCAGC 


867 


GCTGATGT T GGTATTGG 


2112 


4805 


ACACCCAA CUGAUGAG X CGAA ACCAACAU 


868 


ATGTTGGT A TTGGGTGT 


2113 


4807 


CUACACCC CUGAUGAG X CGAA AUACCAAC 


869 


GTTGGTAT T GGGTGTAG 


2114 


4814 


CAUGUUCC CUGAUGAG X CGAA ACACCCAA 


870 


TTGGGTGT A GGAACATG 


2115 


4825 


UUUUUUUA CUGAUGAG X CGAA AUCAUGUU 


871 


AACATG AT T TAAAAAAA 


2116 


4826 


UUUUUUUU CUGAUGAG X CGAA AAUCAUGU 


872 


AC ATG ATT T AAAAAAAA 


2117 


4827 


UUUUUUUU CUGAUGAG X CGAA AAAUCAUG 


873 


CATGATTT A AAAAAAAA 


2118 


4839 


AGAGGCAA CUGAUGAG X CGAA AGUUUUUU 


874 


AAAAAACT C TTGCCTCT 


2119 


4841 


GCAGAGGC CUGAUGAG X CGAA AGAGUUUU 


875 


AAAACTCT T GCCTCTGC 


2120 


4846 


GGAAAGCA CUGAUGAG X CGAA AGGCAAGA 


876 


TCTTGCCT C TGCHTCC 


2121 


4851 


GUGGGGGA CUGAUGAG X CGAA AGCAGAGG 


877 


CCTCTGCT T TCCCCCAC 


2122 


4852 


AGUGGGGG CUGAUGAG X CGAA A AG C AG AG 


878 


CTCTGCTT T CCCCCACT 


2123 


4853 


GAGUGGGG CUGAUGAG X CGAA AAAGCAGA 


879 


TCTGCTTT C CCCCACTC 


2124 


4861 


UUGCCUCA CUGAUGAG X CGAA AGUGGGGG 


880 


CCCCCACT C TGAGGCAA 


2125 


4872 


UACAUUUU CUGAUGAG X CGAA ACUUGCCU 


881 


AGGCAAGT T AAAATGTA 


2126 


4873 


UUACAUUU CUGAUGAG X CGAA AACUUGCC 


882 


GGCAAGTT A AAATGTAA 


2127 


4880 


ACAUCUUU CUGAUGAG X CGAA ACAUUUUA 


883 


TAAAATGT A AAAGATGT 


2128 


4892 


CCCAGAUA CUGAUGAG X CGAA AUCACAUC 


884 


GATGTGAT T TATCTGGG 


2129 


4893 


CCCCAGAU CUGAUGAG X CGAA AAUC ACAU 


885 


ATGTGATT T ATCTGGGG 


2130 


4894 


CCCCCAGA CUGAUGAG X CGAA AAAUCACA 


886 


TGTGATTT A TCTGGGGG 


2131 


4896 


GCCCCCCA CUGAUGAG X CGAA AUAAAUCA 


887 


TGATTTAT C TGGGGGGC 


2132 


4906 


CCAUACCU CUGAUGAG X CGAA AGCCCCCC 


888 


GGGGGGCT C AGGTATGG 


2133 


4911 


CCCCACCA CUGAUGAG X CGAA ACCUGAGC 


889 


GCTCAGGT A TGGTGGGG 


2134 


4928 


GAUUCCUG CUGAUGAG X CGAA AUCCACUU 


890 


AAGTGGAT T CAGGAATC 


2135 


4929 


AGAUUCCU CUGAUGAG X CGAA AAUCCACU 


891 


AGTGGATT C AGGAATCT 


2136 


4936 


AUUCCCCA CUGAUGAG X CGAA AUUCCUGA 


892 


TCAGGAAT C TGGGGAAT 


2137 


4952 


UCUUAAUA CUGAUGAG X CGAA AUUUGCCA 


893 


TGGCAAAT A TATTAAGA 


2138 


4954 


CUUCUUAA CUGAUGAG X CGAA AUAUUUGC 


894 


GCAAATAT A TTAAGAAG 


2139 


4956 


CUCUUCUU CUGAUGAG X CGAA AUAUAUUU 


895 


AAATATAT T AAGAAGAG 


2140 
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4957 


ACUCUUCU CUGAUGAG X CGAA AAUAUAUU 


896 


AATATATT A AGAAGAGT 


2141 


4966 


ACUUUCAA CUGAUGAG X CGAA ACUCUUCU 


897 


AGAAGAGT A TTGAAAGT 


2142 


4968 


AUACUUUC CUGAUGAG X CGAA AUACUCUU 


898 


AAGAGTAT T GAAAGTAT 


2143 


4975 


CCUCCAAA CUGAUGAG X CGAA ACUUUCAA 


899 


TTGAAAGT A TTTGGAGG 


2144 


4977 


UUCCUCCA CUGAUGAG X CGAA AUACUUUC 


900 


GAAAGTAT T TGGAGGAA 


2145 


4978 


UUUCCUCC CUGAUGAG X CGAA AAUACUUU 


901 


AAAGTATT T GGAGGAAA 


2146 


4992 


CCAGAAUU CUGAUGAG X CGAA ACCAUUUU 


902 


AAAATGGT T AATTCTGG 


2147 


4993 


CCCAGAAU CUGAUGAG X CGAA AACCAUUU 


903 


AAATGGTT A ATTCTGGG 


2148 


4996 


ACACCCAG CUGAUGAG X CGAA AUUAACCA 


904 


TGGTTAAT T CTGGGTGT 


2149 


4997 


CACACCCA CUGAUGAG X CGAA AAUUAACC 


905 


GGTTAATT C TGGGTGTG 


2150 


5015 


CUCUACUG CUGAUGAG X CGAA ACCUUGGU 


906 


ACCAAGGT T CAGTAGAG 


2151 


5016 


ACUCUACU CUGAUGAG X CGAA AACCUUGG 


907 


CCAAGGTT C AGTAGAGT 
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1227 


AAACCTCT T TTGCACTT 


2472 


6362 


AAAGUGCA CUGAUGAG X CGAA AAGAGGUU 


1228 


AACCTCTT T TGCACTTT 


2473 


6363 


CAAAGUGC CUGAUGAG X CGAA AAAGAGGU 


1229 


ACCTCTIT T GCACriTG 


2474 


6369 


CUUUUUCA CUGAUGAG X CGAA AGUGCAAA 


1230 


TTTGC ACT T TGAAAAAG 


2475 


6370 


UCUUUUUC CUGAUGAG X CGAA AAOUOCAA 


i n i 

\JL5 1 


1 1 u^n^ 111 \ji\I\±\j\i*i\3t\. 


2476 


6381 


UCCCGCUG CUGAUGAG X CGAA AUUCUUUU 


1232 


AAAAGAAT C CAGCGGGA 


2477 


6394 


AGGUGCUC CUGAUGAG X CGAA AGCAUCCC 


1233 


GGGATGCT C GAGCACCT 


2478 


6405 


AAAUUGUU CUGAUGAG X CGAA ACAGGUGC 


1234 


GCACCTGT A AACAAT1T 


2479 


6412 


GUUGAGAA CUGAUGAG X CGAA AUUGUUUA 


1235 


TAAACAAT T TTCTCAAC 


2480 


6413 


GGUUGAGA CUGAUGAG X CGAA AAUUGUUU 


1236 


AAACAATT T TCTCAACC 


2481 
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6414 


AGGUUGAG CUGAUGAG X CGAA AAAUUGUU 


1237 


AACAATTT T CI CAACC i 




6415 


UAGGUUGA CUGAUGAG X CGAA AAAAUUGU 


1238 


ACAA 1 1 1 I U I LAAtL 1 A 




6417 


AAUAGGUU CUGAUGAG X CGAA AGAAAAUU 


1239 


AA'lT'l lUl C AACC1 Al I 


*>A QA 




ACAUCAAA CUGAUGAG X CGAA AGGUUGAG 


1240 


CTCAACCT A TTTGATGT 


2485 


6425 


GAACAUCA CUGAUGAG X CGAA AUAGGUUG 


1241 


CAACCTAT T TGATGTTC 


2486 


6426 


UGAACAUC CUGAUGAG X CGAA AAUAGGUU 


1242 


AACCTATT T GATGTTCA 


2487 


6432 


UUUAUUUG CUGAUGAG X CGAA ACAUCAAA 


1243 


TTTGATGT T CAAATAAA 


2488 


6433 


CUUUAUUU CUGAUGAG X CGAA AACAUCAA 


1244 


TTGATGTT C AAATAAAG 


2489 


6438 


UAAUUCUU CUGAUGAG X CGAA AUUUGAAC 


1245 


GTTCAAAT A AAGAATTA 


2490 
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Table V. Hairpin Ribozyme and Targ t sequences 



10 



20 



30 



Pos 


RZ 


Seq. ID. 
No. 


Substrate 


Seq. ID. 
No. 


48 


GCCAGG AGAA GUUG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2491 


CAAC AGTC CCTGGC 


2604 


58 


CUGGAG AGAA GCCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2492 


TGGC CGTC CTCCAG 


2605 


172 


CGACCC AGAA GAGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2493 


GCTC CGTC GGGTCG 


2606 


184 


CGGUGA AGAA GGCG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2494 


CGCC GGCT TCACCG 


2607 


193 


CCUGCG AGAA GGUG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2495 


CACC GGAC CGCAGG 


2608 


297 


GAAACC AGAA GGCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2496 


GGCC CGCC GGTTTC 


2609 


301 


CUCAGA AGAA GGCG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2497 


CGCC GGTT TCTGAG 


2610 


316 


CCGCAG AGAA GAAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2498 


CTTC TGCC CTGCGG 


2611 


332 


GGUGCA AGAA GUGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2499 


ACAC GGTC TGCACC 


2612 


343 


GCCGCG AGAA GGGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2500 


ACCC TGCC CGCGGC 


2613 


356 


GUCAUG AGAA GUGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2501 


CCAC GGAC CATGAC 


2614 


410 


CCUUGG AGAA GAUG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2502 


CATC AGAT CCAAGG 


2615 


442 


GCUGCG AGAA GUUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2503 


GAAC CGTC CGCAGC 


2616 


449 


AUCUUG AGAA GCGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2504 


CCGC AGCT CAAGAT 


2617 


470 


CCCAGG AGAA GCUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2505 


GAGC GGCC CCTGGG 


2618 


507 


GUACAC AGAA GGCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2506 


AGCC CGCC GTGTAC 


2619 


534 


CUCGUA AGAA GCGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2507 


GCGC CGCC TACGAG 


2620 


555 


GGCGGC AGAA GCGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2508 


CCGC GGCC GCCGCC 


2621 
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J JO 


GUUGGC AGAA GCCG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2509 


CGGC CGCC GCCAAC 


2622 


jot 


AGGCCG AGAA GACC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2510 


GGTC AGAC CGGCCT 


2623 


joy 


Annan A AO A A GGUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2511 


GACC GGCC TCCCCT 


2624 


Am 


Afrrfifi AHA A OUAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2512 


CTAC GGCC CCGGGT 


2625 




CGI TTFOG AG A A fiAAC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2513 


GTTC GGCT CCAACG 


2626 


oj7 


rrrrcA aha a mil in ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2514 


CAAC GGCC TGGGGG 


2627 


DoU 


AGCATIC AGAA GGCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2515 


AGCC CGCT GATGCT 


2628 


Ooj 


AGtl AGC AGAA GCGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2516 


CCGC TGAT GCTACT 


2629 




UGCGGC AGAA GGUG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2517 


CACC CGCC GCCGCA 


2630 


7UI 


AGPTIOr AGAA GCGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2518 


CCGC CGCC GCAGCT 


2631 


is)! 


fjr.rr.Af AGAA GCGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2519 


CCGC AGCT GTCGCC 


2632 


/IU 


A AAfiTiT AGAA GCIIG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2520 


CAGC TGTC GCCTTT 


2633 


725 


rrrnnp. An a A r.rAr. ACT AG AG A A AC A Y 

GUACAUUACCUGGUA 


7571 


CTGC AGCC CCACGG 


2634 


/yj 


rrGGPG AGAA GGCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2522 


GGCC GGCC CGCCGG 


2635 


fy/ 


A AT TGCC AGAA GGCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2523 


GGCC CGCC GGCATT 


2636 




GGAGCP AGAA GGCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2524 


GGCC TGCC GGCTCC 


2637 




IIIIgCgG AGAA GGCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2525 


TGCC GGCT CCGCAA 


2638 


1206 


GUCUCC AGAA GACC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2526 


GGTCTGCT GGAGAC 


2639 


1244 


AUCAUG AGAA GGCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2527 


AGCC CGCT CATGAT 


2640 


1273 


AGGCCA AGAA GUUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2528 


GAAC AGCC TGGCCT 


2641 


1289 


UCGGCC AGAA GGGA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2529 


TCCC TGAC GGCCGA 


2642 
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100 





1293 


ottooito a o. a a p,itpa A^rAf^Ar.AAAPA Y 
OUGGUC AuAA UUOA AOOAOAUAAAUA A 

GUACAUUACCUGGUA 




TO AT CrOCC fiAPPAG 

I VJ/\v^ vJvJV»0 VJ/WvV//\VJ 


2643 




1296 


™ '"" r'Annm a n a a nprr. APPA/^ArtAAArA Y 
CAUOUO AuAA OUOO ALLAUAuAAAtA A 

GUACAUUACCUGGUA 




POOP PfiAP pagatg 

V^»VJ VJ Vw' Vj'VJAYV*' w/vVJ/v 1 vJ 


2644 


5 


1301 


— PTTrArT */> a a /"p.T jr> ATPAHAr.AA APA Y 

CUGAOO AvjAA OOUO ALLAUAuAAACA A 
GUACAUUACCUGGUA 


9 SI? 


fiAPP AGAT PifiTCAG 


2645 




1363 


i ip * a on AfiAA nrii ia ArrAfiAHA aapa y 

UOAAOU AvjAA UuUA ALLAUAU/W\l/n A 

GUACAUUACCUGGUA 




TAPP AfiAP CCTTCA 


2646 




1397 


AOOU UO AUAA VJUAA rvVvV-AvJAVJ/V/\/\Vv/\ A 

GUACAUUACCUGGUA 




TTAP TGAC CAACCT 

I 1 I VJ*vV^ vn/iv«^i 1 


2647 


10 


1520 


oo a AllP A P. A A p,p,AI ! APP ACiACiA AAPA Y 
Lv/AAUC AUAA vjUAU A^tAunuftnrtLrt A 

GUACAUUACCUGGUA 




ATPP TGAT GATTGG 


2648 




1568 


/"•*"' a a a o a a miAn a on a n a n a a ap a y 
GO AGO A AuAA OUAO At/LAuAuAAALA A 

GUACAUUACCUGGUA 


9536 


V_/ 1 Av> 1 VJ 1 1 1 vJ^ 1 UV^ 


2649 




1643 


riiur np * O A A A T I A 00 A^AP.AA APA Y 

GUAGCO AOAA uLAU AOOAOAOAAAUA a 
GUACAUUACCUGGUA 


9517 


/\ 1 VIV* 1 VJVj- 1 VJ VJV> 1 f\\-r 




15 


1661 


AUG COO AOAA OAOA ALLAUAUAAALA A 

GUACAUUACCUGGUA 


J. J JO 


TPTP nnTT PPfSP AT 

1 V* I V* VJ VJ 1 1 v_-VwVJ 1 


2651 




1745 


rpnilP A /~* A A /""» A A A A A /"i A A A A O A Y 

GUGCUO AOAA OAAA AttAuAtiAAALA A 

GUACAUUACCUGGUA 


ZJD7 


11 iVv fvJiv^ v»/\vjvvriv. 




20 


1826 


inTPPPO A O A A n/^lT Tf"l APPAfiAfiA A APA Y 

UUGGCC AOAA OOUO ALL-AVJAUAAALA A 

GUACAUUACCUGGUA 




PAPP TfiAT fifSPPAA 

V-rW-zV-/ lVJ/\i VJVJV-#Vrf/vf\ 


2653 


1844 


■ "riopArP \n A A pp.pp a OP An APiA A APA Y 
UGCAGG AOAA OOUO AOOAUAOAAAUA A 

GUACAUUACCUGGUA 


9541 


GfiPP TGAP CPTGCA 

VJVJVvVv l VJ/\Vv V^V* 1 VJVvrt 


2654 




1868 


imr'OPP AOAA fTPTI/^ APPAP.AP.A A APA Y 

UGGGOC AOAA OOUO AtLAuAVJAAA^A A 
GUACAUUACCUGGUA 


9549 


PAPfP GGPT fiGCCCA 

Iw/WIVv VJVJV* I VJVJVvVvV*/* 


2655 


25 


1877 


a /-» r> a OO AOAA OOOO A PPA P.AT.AA APA Y 

AGOAOO AOAA OOOO ALLAuAUAAALA A 
GUACAUUACCUGGUA 




\JV^V*V> rVVJV^ J V*VvlV>V^J 


2656 


1976 


1 » t/^o a /— » a a * in a oo a o a o a a a O a V 
UCCAGC AGAA GGUC AOOAOAOAAAOA A 

GUACAUUACCUGGUA 


9*Aj1 
.6 544 


VJAV-V* 1 VJVv 1 \J\s 1 VJVJ/V 


AW / 




1979 


A T r Tf~*C* AOAA OO An A PPAP. AP.A AAPA Y 

AUCUCC AOAA OOAO AtLAuAUAAALA A 

GUACAUUACCUGGUA 


9SA5 


1 VJVv 1 VJV* 1 VJVJrtVJrt 1 


2658 


30 


2002 


,-„,.,,, OTTOO A OO A O A A A AOA V 

CAUGUA AGAA OUOO AOOAOAOAAAOA A 
GUACAUUACCUGGUA 


9<?A£ 
Z340 


PPAP PP1PP TAPATG 


965Q 




2049 


GCUUUG AGAA GUCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2547 


AGAC GGAC CAAAGC 


2660 




2142 


CUCUCA AGAA GUGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2548 


CCAC AGTC TGAGAG 


2661 




2169 


UAUCUG AGAA GUGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2549 


ACAC GGTT CAGATA 


2662 




2184 


AAAUGC AGAA GGGA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2550 


TCCC TGCT GCATTT 


2663 
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2226 


GCAGGA AGAA GAAU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2551 


ATTC TGTC TCCTGC 


2664 


2301 


ACUAAG AGAA GAGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2552 


GCTC AGTT CTTAGT 


2665 


2322 


ACAGAA AGAA GAAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2553 


CTTC TGTC TTCTGT 


2666 


2329 


GUUCCC AGAA GAAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2554 


CTTC TGTT GGGAAC 


2667 


2373 


AAAGAG AGAA GUUA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2555 


TAAC AGCT CTCTTT 


2668 


2429 


GAGUUC AGAA GUGA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2556 


TCAC AGCT GAACTC 


2669 


2439 


CCCAUA AGAA GAGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2557 


ACTC AGTC TATGGG 


2670 


2768 


UAGGGG AGAA GCCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2558 


AGGCAGAT CCCCTA 


2671 


2812 


CUCUGA AGAA GCAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2559 


CTGC AGAT TCAGAG 


2672 


2835 


GCCAGA AGAA GAGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2560 


GCTCTGCC TCTGGC 


2673 


2944 


AC AAAA AGAA GGAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2561 


■ITCC TGAT TTTTGT 


2674 


3009 


UCCUGA AGAA G ACC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2562 


GGTC AGCT TCAGGA 


2675 


3021 


CACUGG AGAA GGUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2563 


GACC TGTT CCAGTG 


2676 


3083 


ACAGUG AGAA GUUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2564 


GAACTGTT CACTGT 


2677 


3242 


GCUCAG AGAA GUAU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2565 


ATAC AGTT CTGAGC 


2678 


3258 


GAGCAA AGAA GGCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2566 


AGCC AGAC TTGCTC 


2679 


3312 


UGCGGG AGAA GCAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2567 


TTGC AGAC CCCGCA 


2680 


3360 


AAUAAG AGAA GGAC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2568 


UTCU AGCT CTTAT1 


2681 


3402 


CUUGAC AGAA GCUU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2569 


AAGC AGCT GTCAAG 


2682 


3420 


GAACAC AGAA GUCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2570 


AGAC AGCT GTGTTC 


2683 


3475 


GACAGC AGAA GUCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2571 


GGAC CGTT GCTGTC 


2684 
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= GCCCCA AGAA GCCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2572 


AGGC TGAC TGGGGC 


2685 




3512 


UACGUA AGAA GACC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2573 


GGTC AGAT TACGTA 


2686 


5 


3595 


GAACGG AGAA GGGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2574 


CCCC CGCC CCGTTC 


2687 




3600 


GUAGGG AGAA GGGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2575 


GCCC CGTT CCCTAC 


2688 




3610 


AGUGGA AGAA GUAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2576 


CTAC CGCC TCCACT 


2689 


10 


3626 


GAAAUG AGAA GGCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2577 


TGCC AGCT CA 111 C 


2690 




3693 


AGGGAA AGAA GCCC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2578 


GGGC AGCC TTCCCT 


2691 




3848 


AGCCCG AGAA GCUA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2579 


TAGC TGCT CGGGCT 


2692 


15 


3902 


UGGACA AGAA GAAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2580 


ri'i'C TGAT TGTCCA 


2693 




4047 


UAAACA AGAA GCAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2581 


ttgc tg i f to riTA 


2694 


20 


4157 


AUCCAG AGAA GAAU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2582 


ATTC TGTT CTGGAT 


2695 


4359 


AUAGGC AGAA GGAU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2583 


ATCCAGATGCCTAT 


2696 




4696 


UCAAUC AGAA GAUG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2584 


CATC AGAT GATTGA 


2697 


25 


4795 


ACC AAC AGAA GCCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2585 


TGGC TGAT G l lGGT 


2698 


4847 


GGGGAA AGAA GAGG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2586 


CCTC TGCT TTCCCC 


2699 




5032 


CUCCAG AGAA GAAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2587 


OTCTGCCCTGGAG 


2700 


30 


5086 


AACUGA AGAA GCCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2588 


TGGC AGCT TCAGTT 


2701 




5092 


CUCUAG AGAA GAAG ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2 5 By 


Ll 1L AVJ 1 1 LI t\\J/\\J 






5285 


AUCAAA AGAA GCAC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2590 


GTGC AGTC TTTGAT 


2703 




5489 


UUUGUA AGAA GUGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2591 


ACAC TGAT TACAAA 


2704 




5590 


AAGCAG AGAA GCCU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2592 


AGGC AGAT CTGCTT 


2705 
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5595 


UCCCCA AGAA GAUC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2593 


GATC TGCT TGGGGA 


2706 


5803 


GUUGGA AGAA GAGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2594 


CiC I (J i'Ci 1 J 1 CCAAC 


2707 


5886 


AAUAGA AGAA GCAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2595 


TTGC TGCC TCTA1 1 


2708 


5916 


UCAAAA AGAA GUGC ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2596 


GCAC TGTC nil GA 


2709 


6087 


AAAGGG AGAA GUGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2597 


ACAC AGAC CCCll 1 


2710 


6154 


AACAGA AGAA GGCA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2598 


ruuc; au n tCtGIT 


271 1 


6160 


UGAGAG AGAA GAAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2599 


rrrcTGrrcTCTCA 


2712 


6284 


GUACAUUACCUGGUA 


9finn 

iouu 


TTGP PfiAT GCATAC 


2713 


6300 


AGUCAC AGAA GUAA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2601 


TTAC TGAT GTGACT 


2714 


6311 


CGACAA AGAA GAGU ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2602 


ACTC GGTT TTGTCG 


2715 


6322 


AAGCAA AGAA GCGA ACCAGAGAAACA X 
GUACAUUACCUGGUA 


2603 


TCGC AGCT TTGCTT 


2716 



25 



30 
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10 



15 



Saq. 
I.D. No. 


Sequence 


2731 


c 3 g 3 a 3 auugC 5 A s T s C 3 C s T s G s A 3 A s acag 3 a s a s A 


2732 


g 3 u 3 a 3 cctgA 3 T s T 3 C%G 3 C 3 T 5 G 3 T s gacu 3 u 3 c s G 


2733 


g s c s a s ccagC s A s CsA s G s A s C s T a T s accu s g 3 a s T 


2734 


u 3 a s g 3 cagcC s C 5 T s G 3 A s G 5 C 3 C s T 3 uacc s u 3 g g G 


2735 


c 5 a 3 g 3 gaucT s G s A 3 A s A s C 3 A s A s A 3 gccc s a s a 3 G 


2736 


UagsCsCaucTsTsTsAsC^sGsAsAsCsCaaCsCgCsA 


2737 


gsUsgsgtcaGsC^GsTsGsCsAaAsGgCauUsggasT 


2738 


T s C s C s C 6 G s C 3 C s T s G 3 T s GsA3C 3 A s T 3 GsC 3 A s T s T s 


2739 


T S C 3 C S G 3 C S C S G 3 T S C S T S C 3 A S G S A 3 T 3 C S G S A S T S T 9 


2740 


agucccgC s C a T 3 G 3 T s G s A s C s A s ugcauuc 


2741 


a 3 g s u 3 cccgC s C 3 T s G s T s G 3 A 3 C a A s ugcau 3 u s C 3 




a s g s u s cccg^ s ^ s i s vj 3 is«s H s^s«3 u y oau 3 u 3 u 3 


2743 


iB agucccgC 3 C 3 T 3 G 3 T s G 3 A 3 C 3 A s ugcauuc iB 


2744 


agucccgC 3 C 3 T 3 G 3 T s G s A 3 C 3 A 3 ugcauuc iB 


2745 


gauccgcC 5 G s T s C s T s C s A s G s A s ucgaucu 


2746 


g s a 3 u s ccgcC 3 G 5 T s C s T a C 3 A s G 3 A 3 ucga 3 u 3 c 3 u 


2747 


iB gauccgcC s G 3 T 3 C 3 T 3 C 3 A s G s A s ucgaucu iB 


2748 


gauccgcC 3 G 3 T 3 C 3 T 3 C 3 A 3 G 3 A 3 ucgaucu iB 



lower case = 2*-0-methyl nucleotides; UPPER Case = DNA; s = phosphorothioate linkage; 
m= 5 methyl C;iB=inverted abasic;bo!d lower case=2'-0-methylthiomethyl modified 
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Table VIII. Antisense Nucleic Acid Molecules Targeting Bd-2 and K-ras 





Seq. MX No. 


Target 


Sequence 




2749 


Bcl-2 


CsCjCaasCcgAACaTsCAAAGsaaggscscsa iB 




2750 


Bcl-2 


a 8 asgaC s ga cC 8 TAAAG 8 CsAAccccsagg 8 c iB 


5 


2751 


Bcl-2 


iB cccaccgAA C 8 T 8 C 8 AAAsG 8 aaggcca iB 




2752 


Bcl-2 


iBaagcgacCJs AAA G 8 CA AsCC cca gc iB 




2753 


Bcl-2 


CsCCjasCcgAA C«T 8 C 8 AAAG 8 aa gg^c. c 8 a iB 




2754 


k-ras (rat) 


c,c*a,ccag C^CaCAAsCstacc^CsA 


10 


2755 


k-ras (rat) 


tsgsQsCaaa TACACAAsagaa 8 a 8 g 8 C 




2756 


k-ras (rat) 


CsC,a.taac T 8 C $ C 8 T 8 T 8 G S C S taac 8 t,CsC 




2757 


k-ras (rat) 


c 8 a s c s cctg T.CJJsG^sC.ttcgsC^G 


15 


2758 


Estrogen 
Receptor 


CUsgsCcagguT.GsGsTsCAG^uaagcc^asU 




2759 


Estrogen 
Receptor 


a 8 g 8 u 8 uucaAsTsCsTsT3CsUsAsAsauug 3 g«c 8 a 




2760 


Estrogen 
Receptor 


T s GsC s m C s w AsGsGsTsTsGsGcTsC s ,v, AsGsTsAsAsGsCs' ,n Cs n " 

C S *A 


20 


2761 


Estrogen 
Receptor 


TsCs M GsCs M A s TsGsTsGsC s w T^G s AsGsAsT s AsCs w GsCs ,J, Ar" 




2762 


Estrogen 
Receptor 


ugc cag gTJ s G 8 G 8 T t C AG 8 T s aa gcc ca 




2763 


Estrogen 
Receptor 


ucg cga uG 8 T 8 G 8 C 8 T a G AGAua cgc ac 


25 


2764 


Estrogen 
Receptor 


u^sCs cag gT 8 T 8 G 8 G 8 T 8 CAG 8 T 8 aa gc.Cs c«a 




2765 


Estrogen 
Receptor 


g 8 a 8 u 8 ccg cC 8 G,T 8 C 8 T 8 C AG Auc ga 8 u 8 c»u 


30 


2766 


Estrogen 
Receptor 


iB ugc cag gT 8 T 8 G 8 G,T 8 CAG 8 T $ aa gcc ca iB 




2767 


Estrogen 
Receptor 


iB ucg cga uG 8 T 8 G 8 C 8 T 8 GAGAua cgc ac iB 




2768 


Estrogen 
Receptor 


ugc cag gT s T 8 G 8 G 8 T $ CAG* T fi aa gcc ca iB 


35 


2769 


Estrogen 
Receptor 


ucg cga u G 8 T 8 G 5 C 8 T 8 GAGA ua cgc ac iB 



lower case = 2*-0-methyl nucleotides; UPPER Case = DNA; s = phosphorothioate linkage; 
m= 5 methyl C; iB=inverted abasic; bold low r case-2'-0-methylthiomethyl modified 
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Claims 

1 . A nucleic acid molecule having the formula I: 
wherein each of X represents independently a nucleotide which may be same or different; 

5' C (X) Sr -(Y) rr — (X)— C 3' 

5 where m and o are integers independently greater than or equal to 5; (X) m and (X) 0 are 
oligonucleotides which are of sufficient length to stably interact independently with a 
target nucleic acid molecule; Y represents independently a deoxyribonucleotide which 
may be same or different; (Y) n is an oligonucleotide which is of sufficient length to stably 
interact independently with a target nucleic acid molecule; n is an integer greater than or 

10 equal to 4; represents a chemical linkage; each (X) m , and (X) 0 comprise independently 

at least one phosphodiester linkage and one phosphorothioate linkage; (Y) n comprises a 
phosphorothioate linkage or a phosphorodithioate linkage or a S'-thiophosphate linkage or 
a mixture thereof; and each C and C independently represents a cap structure which may 
independently be present or absent. 

15 2. A nucleic acid molecule having the formula II: 

5" c (Y) n (XJr-C 3' 

wherein X represents a nucleotide which may be same or different; where r is an integer 
greater than or equal to 4; (X) r is an oligonucleotide which is of sufficient length to stably 
interact independently with a target nucleic acid molecule; Y represents independently a 

20 deoxyribonucleotide which may be same or different; n is an integer greater than or equal 
to 4; (Y)„ is an oligonucleotide which is of sufficient length to stably interact 

independently with a target nucleic acid molecule represents a chemical linkage; 

(Y) n comprises a phosphorothioate linkage or a phosphorodithioate linkage or a 5'- 
thiophosphate linkage or a mixture thereof; each (X) r comprises independently at least one 

25 phosphodiester linkage and one phosphorothioate linkage; and each C and C 
independently represents a cap structure which may independently be present or absent. 

3. A nucleic acid molecule having the formula III: 
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5' C— (Xfc (Y) n C 3" 

wherein X represents a nucleotide which may be same or different; where r is an integer 
greater than or equal to 4; (X) r is an oligonucleotide which is of sufficient length to stably 
interact independently with a target nucleic acid molecule; Y represents independently a 

5 deoxyribonucleotide which may be same or different ; n is an integer greater than or equal 
to 4; (Y) n is an oligonucleotide which is of sufficient length to stably interact 

independently with a target nucleic acid molecule represents a chemical linkage; 

(Y) n comprises a phosphorothioate linkage or a phosphorodithioate linkage or a mixture of 
phosphorothioate and phosphorodithioate linkages; each (X> comprises independently at 

10 least one phosphodiester linkage and one phosphorothioate linkage; and each C and C 
independently represents a cap structure which may independently be present or absent. 

4, An enzymatic nucleic acid molecule having endonuclease activity of the 
formula IV: 

5\ C (X)— (Z) P (X)o- (Y)„— (X) q — C 3' 

15 wherein each of X represents independently a nucleotide which may be same or different; 
where m, o and q are integers independently greater than or equal to 5; (X) m and (X) 0 are 
oligonucleotides which are of sufficient length to stably interact independently with a 
target nucleic acid molecule; (X) q is optionally able to interact with a target nucleic acid 
molecule; 

20 Y represents independently a deoxyribonucleotide which may be same or different; (Y) n is 
an oligonucleotide which is of sufficient length to stably interact independently with a 

target nucleic acid molecule; n is an integer greater than or equal to 4; represents a 

chemical linkage; each (X) m , (X) c and (X) q comprise independently at least one 
phosphodiester linkage; (Y) n comprises a phosphorothioate linkage or a 

25 phosphorodithioate linkage or a 5'-thiophosphate linkage or a mixture thereof; Z 
represents an oligonucleotide able to facilitate the cleavage of the target nucleic acid 
molecule; p is of length greater than or equal to 4; and each C and C independently 
represents a cap structure which may independently be present or absent. 
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5. An enzymatic nucleic acid molecule having endonuclease activity of the 
formula V: 

5' C (X) B r-(Y) n -(X) 0 -(Z) p -(X) q — C 3' 

wherein each of X represents independently a nucleotide which may be same or different; 

5 where m, o and q are integers independently greater than or equal to 5; (X) m and (X) 0 are 
oligonucleotides which are of sufficient length to stably interact independently with a 
target nucleic acid molecule; (X) q is optionally able to interact with the target nucleic acid 
molecule; (Y)„ represents independently a deoxyribonucleotide which may be same or 
different; (Y) n is an oligonucleotide which is of sufficient length to stably interact 

10 independently with a target nucleic acid molecule; n is an integer greater than or equal to 

4; represents a chemical linkage; each (X) m , (X) 0 and (X) q comprise independently at 

least one phosphodiester linkage; (Y) n comprises a phosphorothioate linkage or a 
phosphorodithioate linkage or a S'-thiophosphate linkage or a mixture thereof; Z 
represents an oligonucleotide able to facilitate the cleavage of the target nucleic acid 

15 molecule; p is of length greater than or equal to 4; and each C and C independently 
represents a cap structure which may independently be present or absent. 

6. An enzymatic nucleic acid molecule having endonuclease activity of the 
formula VI: 

5' C (Y)fl — (Z) p (X) q — C 3' 

20 wherein X represents independently a nucleotide which may be same or different; where q 
is an integer independently greater than or equal to 1; (X) q is optionally able to interact 
with a target nucleic acid molecule; Y represents independently a deoxyribonucleotide 
which may be same or different; (Y)„ is an oligonucleotide which is of sufficient length to 
stably interact independently with a target nucleic acid molecule; n is an integer greater 

25 than or equal to 4; represents a chemical linkage; (Y)„ comprises a phosphorothioate 

linkage or a phosphorodithioate linkage or a 5'-thiophosphate linkage or a mixture thereof; 
Z represents an oligonucleotide able to facilitate the cleavage of the target nucleic acid 
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molecule; p is of length greater than or equal to 4; and each C and C independently 
represents a cap structure which may independently be present or absent. 

7. An enzymatic nucleic acid molecule having endonuclease activity of the 
formula VII: 

5- C (X) q (Z) p (Y) n C 3' 

5 

wherein X represents independently a nucleotide which may be same or different; where q 
is an integer independently greater than or equal to 1; (X) q is optionally able to interact 
with a target nucleic acid molecule; Y represents independently a deoxyribonucleotide 
which may be same or different; (Y) n is an oligonucleotide which is of sufficient length to 

10 stably interact independently with the target nucleic acid molecule; n is an integer greater 

than or equal to 4; represents a chemical linkage; (Y) n comprises a phosphorothioate 

linkage or a phosphorodithioate linkage or a S'-S-phosphorothioate linkage or a 5*-S- 
phosphorodithioate linkage or a 3'-S-phosphorothioate linkage or a 3'-S- 
phosphorodithioate linkage or a mixture thereof; Z represents an oligonucleotide able to 

15 facilitate the cleavage of the target nucleic acid molecule; p is of length greater than or 
equal to 4; and each C and C independently represents a cap structure which may 
independently be present or absent. 

8. The nucleic acid molecule of any of claims 1-3, wherein each X, 
independently comprises a nucleotide modification selected from the group consisting of: 

20 2'-0-methyl, 2'-0-allyl, 2'-0-methylthiomethyl, L-nucleotides; 2'-C-allyl; 1-5- 
Anhydrohexytol; 2,6-diaminopurine; 2'-fluoro; 2*-deoxy-2'-amino; 2'-(#-alanyl) amino; 
2'-(A^-phenylalanyl)amino; 2 , -deoxy-2 , -(Af-p-alanyl) amino; 2'-deoxy-2'-(lysyl) amino; 2'- 
O-amino; 2 , -Deoxy-2'-(tf-histidyl) amino; 6-methyl uridine; 5-methyl cytidine; 2'-(A^-P- 
carboxamidine-P-alanyl)amino-2 , -deoxy-nucleotide; 2 > -0-methylthioallyl; T-O- 

25 methylthioethyl; 2'-0-methylthiomethyl; 2 , -0-methyl-3'-thiophosphate and 
xylofiiranosyl. 

9. The enzymatic nucleic acid molecule of any of claims 4-7, wherein each X, 
Z or both X and Z, independently comprises a nucleotide modification selected from the 
group consisting of: 2'-Omethyl, 2'-Oallyl, 2'-0-methylthiomethyl, L-nucleotides; 2'-C- 

30 allyl; 1-5-Anhydrohexytol; 2,6-diaminopurine; 2'-fluoro; 2 , -deoxy-2'-amino; 2'-H; ¥-(N- 
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alanyl) amino; 2'-(N-phenylalanyl)amino; 2 , -deoxy-2-(AT-p-alanyl) amino; 2'-deoxy-2'- 
(lysyl) amino; 2'-0-amino; 2 5 -Deoxy-2'-(A^-histidyl) amino; 6-methyl uridine; 5-methyl 
cytidine; 2 , -(A^-P-carboxamidine*P-alanyl)amino-2 , -deoxy-nucleotide; 2'-0- 

methylthioallyl; 2^0-methylthioethyl; 2'-0-methyIthiomethyl; 2'-0-methyl-3 
5 thiophosphate and xylofiiranosyl. 

10. The enzymatic nucleic acid molecule of any of claims 4-7, wherein, the Z 
in said nucleic acid molecule is the catalytic core. * 

1 1 . The enzymatic nucleic acid molecule of any of claims 4-7, wherein said 
enzymatic nucleic acid is in a hammerhead ribozyme configuration. 

10 12. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said 

enzymatic nucleic acid is in a hairpin ribozyme configuration. 

13. The enzymatic nucleic acid of any of claims 4-7, wherein said enzymatic 
nucleic acid is in a hepatitis delta virus, group I intron, VS RNA, group II intron, or RNase 
P RNA configuration. 

15 14. A method of cleaving an RNA molecule comprising the step of, contacting 

the enzymatic nucleic acid molecule of any of claims 4-7, with the RNA molecule under 
conditions suitable for the cleavage of said RNA molecule by said enzymatic nucleic acid 
molecule. 

15. The method of claim 14, wherein said cleavage is carried out in the 
20 presence of a divalent cation. 

16. The method of claim 15, wherein said divalent cation is Mg2+ 

17. The nucleic acid molecules of any of claims 1-3, wherein said C\ when 
present, is a cap selected from the group consisting of: inverted abasic residue; 4',5 f - 
methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide; 4-thio nucleotide, 

25 carbocyclic nucleotide; 1,5-anhydrohexitol nucleotide; L-nucleotides; alpha-nucleotides; 
modified base nucleotide; phosphorodithioate linkage; f/zreo-pentofuranosyl nucleotide; 
acyclic 3',4'-seco nucleotide; acyclic 3,4-dihydroxybutyl nucleotide; acyclic 3,5- 
dihydroxypentyl nucleotide, 3'-3'-inverted nucleotide moiety; 3 , -3'-inverted abasic moiety; 
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3'-2'-inverted nucleotide moiety; S'-^-inverted abasic moiety; 1 ,4-butanediol phosphate; 
3 '-phosphoramidate; hexylphosphate; aminohexyl phosphate; 3 f -phosphate; 3 '- 
phosphorothioate; phosphorodithioate; and methylphosphonate moiety. 

18. The nucleic acid molecule of any of claim 1-3, wherein said nucleic acid 
5 molecule comprises a 3 ! -3' linked inverted ribose moiety at said 3 f end. 

19. The nucleic acid molecule of any of claims 1-3, wherein said nucleic acid 
molecule is an antisense nucleic acid molecule. 

20. The nucleic acid molecule of claims 1-3 wherein said nucleic acid molecule 
is a 2-5A antisense chimera. 

10 21. The nucleic acid molecule of any of claims 1-3 wherein said nucleic acid 

molecule is a triplex forming oligonucleotide. 

22. A nucleic acid molecule comprising any of sequence defined as Seq. ID 
Nos. 1-30. 

23. A mammalian cell including an enzymatic nucleic acid molecule of any of 
15 claims 4-7. 

24. The mammalian cell of claim 23, wherein said mammalian cell is a human 

cell. 



25. A method of modulating the expression of a gene in a cell comprising the 
step of administering to said cell a nucleic acid molecule of any of claims 1-3 under 

20 conditions suitable for the down regulation of said gene. 

26. A method of modulating the expression of a gene in a cell comprising the 
step of administering to said cell an enzymatic nucleic acid molecule of any of claims 4-7 
under conditions suitable for the down regulation of said gene. 

27. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said C\ 
25 when present, is a cap selected from the group consisting of: inverted abasic residue; 4',5'- 

methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide; 4-thio nucleotide, 
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carbocyclic nucleotide; 1,5-anhydrohexitol nucleotide; L-nucieotides; alpha-nucleotides; 
modified base nucleotide; phosphorodithioate linkage; //ireo-pentofuranosyl nucleotide; 
acyclic 3\4'-seco nucleotide; acyclic 3,4-dihydroxybutyl nucleotide; acyclic 3,5- 
dihydroxypentyl nucleotide, 3-3 -inverted nucleotide moiety; 3'-3'-inverted abasic moiety; 
5 3'-2'-inverted nucleotide moiety; 3 f -2'-inverted abasic moiety; 1,4-butanediol phosphate; 
3'-phosphoramidate; hexylphosphate; aminohexyl phosphate; 3'-phosphate; 3- 
phosphorothioate; phosphorodithioate; and methylphosphonate moiety. 

28. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said C, 
when present, is a cap selected from the group consisting of: ^'-methylene nucleotide; 1- 

10 (beta-D-eiythrofiiranosyl) nucleotide; 4'-thio nucleotide, carbocyclic nucleotide; S'-amino- 
alkyl phosphate; l,3-diamino-2-propyl phosphate, 3-aminopropyl phosphate; 6- 
aminohexyl phosphate; 1 ,2-aminododecyl phosphate; hydroxypropyl phosphate; 1,5- 
anhydrohexitol nucleotide; L-nucleotide; alpha-nucleotide; modified base nucleotide; 
phosphorodithioate; /fcreo-pentofuranosyl nucleotide; acyclic 3',4'-seco nucleotide; 3,4- 

15 dihydroxybutyl nucleotide; 3,5-dihydroxypentyl nucleotide, 5'-5'-inverted nucleotide 
moeity; 5'-5'-inverted abasic moeity; 5 -phosphoramidate; 5'-phosphorothioate; 1,4- 
butanediol phosphate; S'-amino; bridging and/or non-bridging 5-phosphoramidate, 
phosphorothioate and/or phosphorodithioate, bridging or non bridging methylphosphonate 
and 5 r -mercapto moeities. 

20 29. The nucleic acid molecules of any of claims 1-3, wherein said C, when 

present, is a cap selected from the group consisting of; 4 , ,5 , -methylene nucleotide; 1 -(beta- 
D-erythrofuranosyl) nucleotide; 4'-thio nucleotide, carbocyclic nucleotide; S'-amino-alkyl 
phosphate; l,3-diamino-2-propyl phosphate, 3-aminopropyl phosphate; 6-aminohexyl 
phosphate; 1,2-aminododecyl phosphate; hydroxypropyl phosphate; 1,5-anhydrohexitol 

25 nucleotide; L-nucleotide; alpha-nucleotide; modified base nucleotide; phosphorodithioate; 
/Areo-pentofuranosyl nucleotide; acyclic S'^'-seco nucleotide; 3,4-dihydroxybutyl 
nucleotide; 3,5-dihydroxypentyl nucleotide, S'-SMnverted nucleotide moeity; 5'-5'-inverted 
abasic moeity; S'-phosphoramidate; S'-phosphorothioate; 1,4-butanediol phosphate; 5'- 
amino; bridging and/or non-bridging S'-phosphoramidate, phosphorothioate and/or 

30 phosphorodithioate, bridging or non bridging methylphosphonate and 5'-mercapto 
moieties. 



30. 



A mammalian cell including a nucleic acid molecule of any of claims 1-3. 



WO 99/54459 



PCT/US99/08547 



114 

31. The mammalian cell of claim 30, wherein said mammalian cell is a human 

cell. 

32. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said 
enzymatic nucleic acid molecule comprises a 3'-3' linked inverted ribose moiety at said 3 1 

5 end. 

33. The nucleic acid molecule of any of claims 1-3, wherein said (X) m and (X) 0 
are symmetric in length. 

34. The nucleic acid molecule of any of claims 1-3, wherein said (X) m and (X) 0 
are asymmetric in length. 

10 35. The enzymatic nucleic acid molecule of any of claims 4-5, wherein said 

(X) m and (X) 0 are symmetric in length. 

36. The enzymatic nucleic acid molecule of any of claims 4-5, wherein said 
(X) m and (X) 0 are asymmetric in length. 

37. The enzymatic nucleic acid molecule of claim 4, wherein the sum of said o, 
1 5 n and q is equal to said m. 

38. The enzymatic nucleic acid molecule of claim 5, wherein the sum of said o, 
n and m is equal to said q. 

39. The enzymatic nucleic acid molecule of claim 4, wherein the sum of said o, 
n and q is greater than said m. 

20 40. The enzymatic nucleic acid molecule of claim 5, wherein the sum of said o, 

n and m is greater than said q. 

41 . The enzymatic nucleic acid molecule of claim 4, wherein the sum of said o, 
n and q is less than said m. 

42. The enzymatic nucleic acid molecule of claim 5, wherein the sum of said o, 
25 n and m is less than said q. 
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43. An enzymatic nucleic acid molecule with RNA cleaving activity, wherein 
said enzymatic nucleic acid molecule modulates the expression of an estrogen receptor 
gene. 

44. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
5 nucleic acid molecule is in a hammerhead configuration. 

45. The enzymatic nucleic acid molecule of claim 44, wherein said enzymatic 
nucleic acid molecule comprises a stem II region of length greater than or equal to 2 base 
pairs. 

46. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
1 0 nucleic acid molecule is in a hairpin configuration. 

47. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
nucleic acid is in a hepatitis d virus, group I intron, group II intron, VS nucleic acid or 
RNase P nucleic acid configuration. 

48. The enzymatic nucleic acid of claim 46, wherein said enzymatic nucleic 
15 acid molecule comprises a stem II region of length between three and seven base-pairs. 

49. The enzymatic nucleic acid molecule of claim 43, wherein said nucleic acid 
comprises between 12 and 100 bases complementary to said RNA. 

50. The enzymatic nucleic acid molecule of claim 43, wherein said nucleic acid 
comprises between 14 and 24 bases complementary to said mRNA. 

20 51. The enzymatic nucleic acid molecule of claim 44, wherein said enzymatic 

nucleic acid molecule consists essentially of any sequence defined as Seq ID Nos 1-1245. 

52. A mammalian cell including an enzymatic nucleic acid molecule of any of 
claim 43. 

53. The mammalian cell of claim 52, wherein said mammalian cell is a human 

25 cell. 
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54. An expression vector comprising nucleic acid sequence encoding at least 
one enzymatic nucleic acid molecule of claim 43, in a manner which allows expression of 
that enzymatic nucleic acid molecule. 

55. A mammalian cell including an expression vector of claim 54. 

5 56. The mammalian cell of claim 13, wherein said mammalian cell is a human 

cell. 

57. A method for treatment of cancer comprising the step of administering to a 
patient the enzymatic nucleic acid molecule of claim 43. 

58. A method for treatment of cancer comprising the step of administering to a 
1 0 patient the expression vector of claim 54. 

59. A method for treatment of cancer comprising the steps of: a) isolating cells 
from a patient; b) administering to said cells the enzymatic nucleic acid molecule of claim 
43; and c) introducing said cells back into said patient 

60. A pharmaceutical composition comprising the enzymatic nucleic acid 
1 5 molecule of claim 43 . 

61. A method of treatment of a patient having a condition associated with the 
level of estrogen receptor, wherein said patient is administered the enzymatic nucleic acid 
molecule of claim 43. 

62. A method of treatment of a patient having a condition associated with the 
20 level of estrogen receptor, comprising contacting cells of said patient with the nucleic acid 

molecule of claim 43, and further comprising the use of one or more drug therapies. 

63. The enzymatic nucleic acid molecule of claim 44, wherein said nucleic acid 
molecule comprises at least five ribose residues, and wherein said nucleic acid comprises 
phosphorothioate linkages at at least three of the 5' terminal nucleotides, and wherein said 

25 nucleic acid comprises a 2'-C-allyl modification at position No. 4 of said nucleic acid, and 
wherein said nucleic acid comprises at least ten 2'-Omethyl modifications, and wherein 
said nucleic acid comprises a 3'- end modification. 
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64. The enzymatic nucleic acid of claim 63, wherein said nucleic acid 
comprises a 3-3' linked inverted ribose moiety at said 3' end. 

65. The enzymatic nucleic acid molecule of claim 44, wherein said nucleic acid 
molecule comprises at least five ribose residues, and wherein said nucleic acid molecule 

5 comprises phosphorothioate linkages at at least three of the 5' terminal nucleotides, and 
wherein said nucleic acid comprises a 2 f -amino modification at position No. 4 and/or at 
position No. 7 of said nucleic acid molecule, wherein said nucleic acid molecule 
comprises at least ten 2'-0-methyl modifications, and wherein said nucleic acid comprises 
a 3*- end modification. 

1 o 66. The enzymatic nucleic acid molecule of claim 44, wherein said nucleic acid 

molecule comprises at least five ribose residues, and wherein said nucleic acid molecule 
comprises phosphorothioate linkages at at least three of the 5' terminal nucleotides, and 
wherein said nucleic acid molecule comprises an abasic substitution at position No. 4 
and/or at position No. 7 of said nucleic acid molecule, wherein said nucleic acid comprises 

1 5 at least ten 2'-Omethyl modifications, and wherein said nucleic acid molecule comprises a 
3'-end modification. 

67. The enzymatic nucleic acid molecule of claim 44, wherein said nucleic acid 
molecule comprises of at least five ribose residues, and wherein said nucleic acid 
comprises phosphorothioate linkages at at least three of the 5 r terminal nucleotides, and 

20 wherein said nucleic acid molecule comprises a 6-methyl uridine substitution at position 
No. 4 and/or at position No. 7 of said nucleic acid molecule, wherein said nucleic acid 
molecule comprises at least ten 2-O-methyl modifications, and wherein said nucleic acid 
molecule comprises a 3' end modification. 

68. A method for modulating expression of estrogen receptor gene in a 
25 mammalian cell by administering to said cell the enzymatic nucleic acid molecule of claim 

43. 

69. A method of cleaving a separate RNA molecule comprising, contacting the 
enzymatic nucleic acid molecule of claim 43 with said separate RNA molecule under 
conditions suitable for the cleavage of said separate RNA molecule. 
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70. The method of claim 69, wherein said cleavage is carried out in the 
presence of a divalent cation. 

7 1 . The method of claim 70, wherein said divalent cation is Mg 2+ . 

72. The nucleic acid molecule of claim 43, wherein said nucleic acid is 
5 chemically synthesized. 

73. The expression vector of claim 54, wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 

c) a gene encoding at least one said nucleic acid molecule; and 

10 wherein said gene is operably linked to said initiation region and said 

termination region, in a manner which allows expression and/or delivery of said nucleic 
acid molecule. 

74. The expression vector of claim 54, wherein said vector comprises: 
a) a transcription initiation region; 

15 b) a transcription termination region; 

c) an open reading frame; 

d) a gene encoding at least one said nucleic acid molecule, wherein 
said gene is operably linked to the 3'-end of said open reading frame; and 

wherein said gene is operably linked to said initiation region, said open 
20 reading frame and said termination region, in a manner which allows expression and/or 
delivery of said nucleic acid molecule. 

75. The expression vector of claim 54, wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 
25 c) an intron; 

d) a gene encoding at least one said nucleic acid molecule; and 
wherein said gene is operably linked to said initiation region, said intron 

and said termination region, in a manner which allows expression and/or delivery of said 

nucleic acid molecule. 



30 



76. 



The expression vector of claim 54, wherein said vector comprises: 
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a) a transcription initiation region; 

b) a transcription termination region; 

c) an intron; 

d) an open reading frame; 

5 e ) a gene encoding at least one said nucleic acid molecule, wherein 

said gene is operably linked to the 3 '-end of said open reading frame; and 

wherein said gene is operably linked to said initiation region, said intron, 
said open reading frame and said termination region, in a manner which allows expression 
and/or delivery of said nucleic acid molecule. 

10 77. The enzymatic nucleic acid molecule of claim 44, wherein said enzymatic 

nucleic acid comprises sequences that are complementary to any of sequences defined as 
SeqIDNos 1246-2490. 

78. The enzymatic nucleic acid molecule of claim 46, wherein said enzymatic 
nucleic acid molecule consists essentially of any sequence defined as Seq ID Nos 2491- 

15 2603. 

79. The enzymatic nucleic acid molecule of claim 46, wherein said enzymatic 
nucleic acid comprises sequences that are complementary to any of sequences defined as 
Seq ID Nos 2604-2716.. 

80. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
20 nucleic acid is a DNA enzyme. 

81. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
nucleic acid comprises at least one 2 '-sugar modification. 

82. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 
nucleic acid comprises at least one nucleic acid base modification. 



25 83. The enzymatic nucleic acid molecule of claim 43, wherein said enzymatic 

nucleic acid comprises at least one phosphorothioate modification. 
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84. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said 
enzymatic nucleic acid molecule comprises a 3'-3' linked inverted deoxyribose moiety at 
said 3' end. 

85. The nucleic acid molecule of any of claims 1-3, wherein said enzymatic 
5 nucleic acid molecule comprises a 3 , -3' linked inverted deoxyribose moiety at said 3 1 end. 

86. The nucleic acid molecule of any of claims 1-3, wherein said enzymatic 
nucleic acid molecule comprises a 5'-5* linked inverted deoxyribose moiety at said 5 1 end. 

87. The enzymatic nucleic acid molecule of any of claims 4-7, wherein said 
enzymatic nucleic acid molecule comprises a 5-5' linked inverted deoxyribose moiety at 

10 said 5' end. 

88. The nucleic acid molecule of any of claims 1-3, wherein each X, 
independently comprises a nucleotide modification having formula IX: 




E 



Wherein, each B is independently a modified or an unmodified nucleic acid base; Rl is 
15 independently an aklyl, an alkylthioalkyl, a fluoroalkyl or an alkylthiofluoroalkyl; E is 
independently a phosphorus-containing group; and D is independently an O, blocking 
group or a phosphorus-containing group. 

89. The nucleic acid molecule of any of claims 1-3, wherein each X, 
independently comprises a nucleotide modification having formula X: 



20 
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X 



Wherein, each B is independently a modified or an unmodified nucleic acid base; Rl is 
independently an aklyl, an alkylthioalkyl, a fluoroalkyl or an alkylthiofluoroalkyl; E is 
5 independently a phosphorus-containing group; and D is independently an O, blocking 
group or a phosphorus-containing group. 

90. The nucleic acid molecule of any of claims 4-7, wherein each X, Z or both 
X and Z, independently comprise a nucleotide modification having formula X: 




10 

Wherein, each B is independently a modified or an unmodified nucleic acid base; Rl is 
independently an aklyl, an alkylthioalkyl, a fluoroalkyl or an alkylthiofluoroalkyl; E is 
independently a phosphorus-containing group; and D is independently an 0, blocking 
group or a phosphorus-containing group. 

15 91 . The nucleic acid molecule of any of claims 4-7, wherein each X, Z or both 

X and Z, independently comprises a nucleotide modification having formula EX: 
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0 OR, 

IX 

E 

Wherein, each B is independently a modified or an unmodified nucleic acid base; Rl is 
independently an aklyl, an alkylthioalkyl, a fluoroalkyl or an alkylthiofluoroalkyl; E is 
independently a phosphorus-containing group; and D is independently an O, blocking 
5 group or a phosphorus-containing group. 

92. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a phosphorothioate linkage. 

93. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a phosphorodithioate linkage. 

10 94. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 

comprises a 5'-S-phosphorothioate linkage. 

95. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
consists of phosphorothioate linkage at every position. 

96. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
1 5 consists of phosphorodithioate linkage at every position. 

97. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
consists of S'-S-phosphorothioate linkage at every position, 

98. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorothioate and phosphorodithioate linkages. 

20 99. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 

comprises a combination of phosphorothioate and 5'-S-phosphorothrioate linkages. 
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100. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorodithioate and 5'-S-phosphorothioate linkages. 

101. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorothioate, phosphorodithioate and 5*-S- 

5 phosphorothioate linkages. 

102. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorothioate and S'-S-phosphorodithioate linkages. 

103. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorodithioate and S'-S-phosphorodithioate linkages. 

10 104. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y)„ 

comprises a combination of phosphorothioate and 3'-S-phosphorothioate linkages. 

105. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorodithioate and 3'-S-phosphorothioate linkages. 

106. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
1 5 comprises a combination of phosphorothioate and 3'-S-phosphorodithioate linkages. 

107. The nucleic acid molecule of any of claims 1-3 and 4-7, wherein (Y) n 
comprises a combination of phosphorodithioate and 3'-S-phosphorodithioate linkages. 
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